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(54) ILLUMINATOR, EXPOSING METHOD AND APPARATUS, AND DEVICE MANUFACTURING 
METHOD 



(57) An illumination apparatus; for iiiuminafing a iSur- 
face to be iilLiminated witfi radiation comprises a radia- 
tion source { 1 ) for generating a beam of radiation having 
a predetermined wavelength, a wavefront division type 
optical integrator (151) including a plurality of unit opti- 
ca! systems, a condenser optical system {9, 11) for guid- 
ing the beams of radiation from the wavefront division 

I 



type optical integrator to the surface to be illuminated, 
and a plurality of auxiliary optica! members (OMA) for 
detlecting ihe !>eam;5 of radiation through the unit optica! 
systems. At ieast one of the auxiliary optical members is 
disposed corresponding to one of the unit optical sys- 
tems. 
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Description 

BACKGROUND O F THE iMVEhjTiON 

FiMd.oith6j.aveatiQQ 5 

[0001] The present invention relates to a f3rojeoiion 
exposure apparatus used for a lithography process in a 
manufactijring line of a semiconductor device and a iiq- 
uid crystal display device. The present invention also io 
relates to an illumination apparatus used for this type of 
projection exposure apparatus. The present invention 
further relates io a projection exposure method using 
the same projection exposure apparatus in the lithogra- 
phy process. The present invention still further relates to is 
a device manufacturing method of manufaciuring a 
semiconductor device, an imaging device such as a 
CCD etc. a liquid crystal display device or a thin-film 
magnetic head, and so on, by transferring a device pat- 
tern on a mask onto a photosensitive substrate with use 20 
of such a projection exposure apparatus. 

.Bejat6d.Back5rouMArt. 

[0002] A projection exposure apparatus for transfer- zs 
ring a pattern on a reticle serving as a mask with reduc- 
tion magnification onto each shot area of a wafer on 
which a photo resist is applied when manufacturing, 
e.g., a semiconductor device, may Involve the use of a 
reduction projection exposure apparatus {a stepper) 30 
classified as a step-and-repeat type (a batch exposure 
type), and a so-called step-and-scan type projection 
exposure apparatus for sequentiaiiy transferring a 
reduced image of the reticle pattern orslo the respective 
shot areas on the reticle by synchronously scanning the 3s 
reticle and the wafer through a projection cpticai system 
in a state where a pari of the reticle pattern is projected 
with reduction niagnification on the wafer through the 
projection optical system. 

[Q003] !n an illumination apparatus used in each of 40 

those projection exposure apparatus?;;;, a fly's eye lens 
and an optical integrator such as a rod type optical inte- 
grator are used for uniformizing an intensity distribution 
of the illumination radiation falling on the reticle. 
[0004] Now, over the recent years, a peiTormance 45 
such as a resolution etc requireci of those projection 
exposure apparatuses is getting extremely close to a 
limit to which it can be theoretically calculated. Set val- 
ues of constants {a numerical aperture of a projection 
lens, a numerical aperture of an illumination system etc) so 
of an optimal optical system, are different depending on 
a type of the reticle pattern. It Is therefore required of the 
projection exposure appa'-atus that the constants of the 
optimal optical system can be selected in accordance 
with the type of the reticle pattern. 55 
[0005] This type of projection exposure apparatus 
is disclosed in put)iications of, e.g., Japanese Patern 
Application Laid-Open Nos.59- i658'4-3 and 6-61121. 



[0006] Further, what has been conducted over the 
recent years is that an intensity distribution of a planar 
radiation source (a surface illuminant) formed on a sur- 
face conjugate with a pupil surface of the projection opti- 
cal systerrs, is set so that the radiation intensity 
becomes larger in peripheral portions than at a centra! 
portion, arid an irnage contrast in the vicinity of a limit of 
the resolution is enhanced, i.e., a so-called modified illu- 
mination (oblique illumination) is effected. Herein, it can 
be considered that a central portion of an aperture stop 
(cs-stop) in the illumination apparatus is, for example, 
shielded from the radiation or dimmed in radiation beami 
in order to change the intensity distribution of the planar 
radiation source. In this case, however, there arises a 
problem, wherein a decline of illuminance on the reticle 
is brought atsout due to the .'■adiatiori shielding or dirn- 
ming, and as a result a throughput decreases. 
[0007] in publication of Japanese Patent Applica- 
tion Laid-Open No. 5-207007 is proposed a technology 
for reducing the decrease in throughput. .A problem 
inherent in the technology disclosed in this Publication 
is, however, that the projection exposure apparatus 
increases in size involving a rise in its manufacturing 
cost, and an installation space is hard to ensure. 

SUMMARY OF-' THE INVENTION 

[0008] It is a primary object of the preserit invention 
to reduce a decline of illuminance when performing a 
modified illumination without lai^ely changing an archi- 
tecture of the projection exposure apparatus used at the 
present, 

[0009] To accon'iplish the above object, according 
to the present invention, an illumination appa.'-atus for 
illuminating a surface to be illuminated with radiation, 
comprises a radiation source for generating a beam of 
radiation having a predeiermineci wavelength, a wave- 
front division type optical iniegrator, including a plurality 
of unit optical systems, for wavefront-dividing the beam 
of radiation from the radiation source an forming a plu- 
rality of radiaticsn source images from a plurality of 
wavefront-divided radiation beams, a condenser optical 
system for leading the beams of radiation from the 
vvavefront division type optica! iniegrator to the surface 
to be iiiuminaied, and a plurality of auxiliary optical 
members for dei!ecting the beams of radiation through 
the unit optical systems. At least one of the auxiliary 
optical members is disposed coiresponding to one of 
the unit optica! systems. 

[0010] According lo a preferable mocie of the 
present invention, in the above illumination apparatus, 
the plurality of auxiliary optical members may be dis- 
posed in a one-to-one correspondence relation with 
each of the all unit optical systems. 
[0011] In the above illumination apparatus, the plu- 
rality of auxiliary/ optical members may be disposed 
between the vvavefront division type optical integrator 
and the surface to be iiiuminated. 
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[0012] !n the above illumination apparatus, the aux- 
iiiary optical member may deflect the beam of radiation 
through the unit optica! system in at least tA'o directions. 
[0013] in the above Illumination apparatus, an aux- 
iliary optical integrator for forming a substantial planar 5 
radiation source on the basis of the radiation from the 
plurality of iiiuminanl images by Ihe wavefront division 
type optica! integrator, may be disposed between the 
wavefront division type optical integrator and the con- 
denser optical system, and the condenser optical sys- io 
tem may guide the radiation from the subsiantiai planar 
radiation source by the auxiliary optical integrator, to the 
surface to be Illuminated. 

[0014] In the above illumination apparatus, at least 

some of the beams of radiation deflected by ihe auxl!- is 
iary optica! members may be guided to an area thai 
does not contain the optical axis on a predetermined 
surface. 

[0015] Further, a projection exposure apparatus for 
Illuminating a mask by use of an illumination apparatus 20 
for supplying exposure radiation, and projecting a pat- 
tern on the mask onto a workpiece through a projection 
opilcal system, comprises the i!!i.i!riination apparatus 
described above, wherein the predetermined surface is 
conjugate with a pupil surface of the prcjiection optica! 25 
system or with a portion in the vicinity of the pupil sur- 
face. 

Moreover, according to the present invention, an illumi- 
nation apparatus for illuminating a surface to be illumi- 
nated with radiation, comprises a radiation source for 30 
generating a beam of radiation having a predetermined 
wavelength, a wavefront division lype opti-::^al integrator 
for wavefront-dlvlding the beam of radiation from the 
radiation source an forming a plurality of lliumlnant 
images from a plurality of wavefront-divided radiation 3s 
beams, a condenser optics! system for leading the 
beams of radiation fro'vi the wavefront division type opti- 
cal integrator to the surface to be Illuminated, and a radi- 
ation deflection member for defiecling the plurality of 
wavefront-divided beams of radiation in at least two or 40 
more directions different frorn each otfier. 
[0016] According to a preferable mode of the 
present invention, in the illumination apparatus 
described above, the wavefront division type optica! 
integrator may be formed Integrally with the radiation 45 
deflection member. 

[0017] !n the illumination apparatus described 
above, an auxiliary optical integrator for forming a sub- 
stantia! planar radiation source on the basis of the plu- 
rality of radiation sources formed by the wavefront so 
division type optical integrator, may be disposed 
between the wavefront division type optical integrator 
and the surface to be illuminated, and a radiation diffu- 
sion member (a diffusive optical member) may be dis- 
posed closer to the radiation source than the auxiliary ss 
optical integrator. 

[0018] The above illumination apparatus n-iay fur- 
ther comprise another optical integrator, so provided as 



to be exchangeable with at least the wavefront division 

type optical integrator, for forming a substantial planar 
radiation source on ihe basis of the beam of radiation 
from the radiation source. 

[0019] in the Illumination apparatus described, 
another optical integrator may be so provided as to be 
exchangeable with the wavefront division type optical 
integrator and ihe radiation deflection me.mber. 
[0020] In the above illumination apparatus, another 
optical integrator may be so provided as to be 
exchangeable with only the wavefront (iivision type opti- 
cal integrator, 

[0021] In the illumination apparatus described 
above, the wavefront division type optical Integrator and 
the radiation deflection member may be optical mem- 
bers diflier€:nt from each other, 
[0022] in the Illumination apparatus described 
above, the radiation deflection member may include ai 
least one auxiliary optical member for deflecting only 
one beam of radiaiion among the plurality of wavefront- 
divided beams of radiation. 

[0023] Further, in the above illumination apparatus, 

tfie radiation deltecilon member may include the plural- 
ity of auxiliary optical n-iembers, and the aiixillary optical 
member may be forrneci iniegrally with the wavefront 
division type optical integrator. 
[0024] in the illumination apparatus described 
above, the radiation deflection member may Include a 
first auxiliary optical member tor deflecting at least one 
beam of radiation among the plurality of wavefront- 
divided beams of radiation In at least two directions, and 
as5econd auxiliary optical member for deflecting another 
'osaiv. of radiation different from ai least the above one 
beam of radiation among the plurality of beams of radi- 
ation In at least two directions. 

[0025] In the above iiiurriinaiion apparatus, the two 
directions by the first auxiliary optical member may be 
the same as ihe two directions by the auxiliary optical 
member, Moreover, in ihe iiiurnination apparatus 
described above, the first auxiliary optical member and 
the secorid auxiliary optical mernber may be disposed 
apart from the wavefront division type optica! integrator. 
[0026] In the illumination apparatus described, the 
radiation deflection member may include a first auxiliary 
optical member for deflecting only one beam of radia- 
tion among the plurality of wavefroni-divided beams of 
radiation, and a second auxiliary optica! member for 
deflecting only another beam of radiation different from 
the above one beam of radiation among ihe plurality of 
wavefront-ciivided beams of radiation. 
[0027] in tiie above Illumination apparatus, the radi- 
ation deflection rrsember may include a first auxiliary 
optical member for leading at least one beam of radia- 
tion among the plurality of vv-avefroni-divided beams of 
radiation onto a iirsi area on a predetermined surface, 
and a second auxiliary optical member for deflecting 
another bearn of radiation different from at least the 
above one beam of radiation among the plurality of 
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wavefront-divlded beams of radiation onto a second 

area on the predetermined surface, and area! sizes of 
tl-i6 first and second areas may be dilfereni from each 
other. 

[0028] Further, in the above iiiiirriination apparatus, 5 
the wavefront divisiors type optical integrator may 
include a firsl unit optica! systern having a first focal 
iength, and a second unli optical system having a sec- 
ond focal length different from the first focal iength. 
[0029] In the illumination apparatus, the plurality of io 
beams of radiation deflected by the radiation deflection 
member may contain a first beam of radiation having a 
first inclination to an axis parallel to the optical axis of 
the illumination apparatus, and a second beam of radia- 
tion having a second inclination different from the first is 
inclination, 

[0030] In the illumination apparatus described 
above, an auxiliary optical integrator for forming a sub- 
stantial planar radiation source on the basis of the 

beams of radiation from the pluraliry of iiiuiriinan; 20 
images by the wavefront division type optical integrator, 
may be disposed between the wavefront division type 
optical integrator and the condenser optica! system, and 
the condenser optical system may guide the radiation 
from the substantial planar raciiation source by the aux- 25 
iliary optical integrator onto the surface to be illumi- 
naied. 

[0031] In the above illuminalion apparaUis, [he radi- 
ation deflection member may have a plurality of auxiliary 
optical member groups, the auxiliary optical member 30 
group, when n is a natural number, may have 4n-pi6ces 
of auxiliary optical members, an <5xit surface of each of 
the auxiliary optical members may be inclined to a fidu- 
cial surface perpendicular to the optical axis of the illu- 
mination apparatus, and when a straight line formed by 3s 
projecting a normal line of the exit surface of the auxil- 
iary optical member on the fiducial surface is set as an 
azimuth straight line, an angle made by the azimuth 
straight lines of the auxiliary optical members in the 
auxiliary optical member group, may be 360/4n 40 
degrees. 

[0032] In the above illumination apparatus, each of 
the auxiliary optical member groups may consist of four 
pieces of the auxiliary oplicai members, and an angle 
made by the aziinuth straight lines of the four auxiliary 
optical members in ttie auxiliary optical member group, 
may be 90 degrees. 

[0033] in the illumination apparatus described 

above, the plurality of auxiliary oplicai member groups 
may include a first auxiliary optica! member group and a so 
second auxiliary optical member group, an angle made 
by a set of the azimuth straight lines of the four auxiliary 
optical members in the first auxiliary optical member 
group and by a set of the azimuth straight lines of the 
four auxiliary optical members in the second auxiliary 55 
optical member group, may be 45 degrees. 
[0034] in the illumination apparatus described 
above, the beam of radiation through the first auxiliary 



optical member group may be guided onto the first area 
on the predetermined surface, and the beam of radia- 
fion through ttie second auxiliary optical member group 
may be guided onto the second area on the predeter- 
mined surface, and area! sizes of the first and second 
areas may be different from each other. 
[0035] !n the illumination apparatus described 
above, the first and second areas may be at least par- 
tially overlapped with each other on the predetermined 
surface. 

[0036] In the above illumination apparatus, the 
■wavefront division type optica! integrator may have a 
plurality of unit optical systems provided corresponding 
respectively to the auxiliary optical members, and a 
focal length of each of the unit optical systems corre- 
sponding to the first auxiliary optical member group rnay 
be different from a focal length of each of the unit optica! 
systems corresponding to the second auxiliary optica! 
member group, 

[0037] In the illurnination apparatus described 
above, when an angle made by the fiducial surface and 
the exit surface of the auxiliary optical member within a 
plane containing the azimuth stralghi line and the 
straight line parallel to the optical axis, is set as an apex 
angle of the aijxiliary optirai member, the plurality of 
auxiliary optical members may include a first auxiliary 
optical member having a firsl apex angle and a second 
auxiliary optical member having a second apex angle 
different from the first apex angle. 
[0038] In the above illumination apparatus, at least 
one beam of radiation among the plurality of beams of 
radiation defiected by the radiation deflection member, 
may be guided onto an area that does not contain the 
optical axis on the predetermined surface. 
[003S] According to a preferable mode of the 
present inventicjn, a projection exposure apparatus for 
illuminating a mask with the radiatio.n by use of an illumi- 
nation apparatus for supplying exposure radiation, and 
projecting a pattern on the mask on a workpiece 
through a projection optical system, comprises the illu- 
rnination appj-ratus described above, and a predeter- 
mined surface is conjugate with a pupil surface of the 
projection optical system or a portion in the vicinity of 
the pupil surface. 

[0040] In the above projection exposure apparatus, 
a radiation intensity distribution on the predetermined 
surface may be a distribution in which a radiation inten- 
sity in an area that does not contain the optical axis is 
larger than in an area containing the optical axis. Fur- 
ther, in the above projection 6,Kposure apparatus, the 
radiation intensity distribution on the predetermined sur- 
face may contain any one of an annuiar configuration, a 
bipolar configuration and a quadrupolar configuration, 
[0041] In the illumination apparatus described 
above, an auxiliary optical integrator for forming a sub- 
stantial planar radiation source on the basis of the 
beams of radiation from the plurality of lllumlnant 
images by the wavefront division type optical integrator, 
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may be disposed between the wavefroni division type 

opiicai integrator and the condenser optical system, and 
tl-ie condenser opticai system may guide the radiation 
from the substantia; planar radiation source by the aux- 
iliary optica! integrator onto the surface to be iiiumi- 
nated. 

[0042] The iiiijrninalion apparatus described above 
may further comprise a relay opticai system for leading 
the beam of radiation from the wavefi'ont division type 
optical integrator to the auxiliary optical Integrator, and 
an aperture stop having at least two or more apertures, 
wherein each of the beams of radiation deflected in af 
least two or more directions different from each other by 
the radiation deflection member, may pass through at 
least two or more apertures. 

[0043] The iiiijrninalion apparatiss described above 
may further comprise an aperture stop disposed 
between the auxiliary optical integrator and the surface 
to be illuminated and having at least two or more aper- 
tures, wherein the auxiliary optical Integrator may be a 
wavefront division type optical integrator having a plural- 
ity of unit opticai systems, the beams of radiation 
deflected In at least the two or more directions different 
from each other by the radiation deflection member, 
may be overlapped with each other on at least two 
areas on an exit surface of the auxiliary opticai integra- 
tor, and incident surfaces of at least two unit opticai sys- 
tems corresponding respectively io two or more 
apertures among the plurality of unit optical systems in 
the auxiliary opticai integrator, may be embraced 
respectively by at least two areas. 
[0044] In the illurnination apfjaratus described 
above, the auxiliary optical integrator may be an internai 
surface reflection type optical integrator, and the 
respective beams of radiation defected in at least the 
two or more directions different from each other by the 
radiation deflection member, may be i!x:ideni on the 
Internal surface reflection type optical integrator in at 
least two or more directions different from each other. 
[0045] in the above illumination apparatus, the radi- 
ation deflection member may take a configuration con- 
taining at least partially a cone shape. 
[0046] in the illumination apparatus described 
above, the cone shape may be at least a part of a coni- 
cal shape. 

[0047] In the iiiijrninalion apparatus described 
above, an inclined surface of the conical shape may be 
a surface obtained by rotating a straight line about a 

predetermined axis. 

[0048] In the above Illumination apparatus, the 
inclined surface of the conical shape may be a surface 
obtained by rotating a curved line about a predeter- 
mined axis. 

[0049] in the above Illumination apparatus, the radi- 
ation deflection member may include a first auxiliary 
optical member containing at least partially a conical 

shape, and a second auxiliary optical member contain- 
ing at least partially a conical shape, and an angle, cor- 



responding to an apex angle of the conical shape, of the 
firs! auxiliary optical member and an angle, correspond- 
ing lo an apex angle of the conical shape, of the second 
auxiliary optical member, may be dilTerent from each 
5 other. 

[0050] in the illumination apparatus described 
above, the conical portion may be at least a part of a 
polygonal cone (pyramid). 

[0051] In the illumination apparatus described 
10 above, an inclined surface of the polygonal cone may be 

a Rai surusce. 

[0052] in the above illumination apparatus, an 
inclined surface of the polygonal cone may be a curved 
surface. 

15 [0053] in the above Illumination apparatus, the radi- 
ation deflection member may include a first auxiliary 
optical member containing at least partially a polygonal 
cone shape, and a seconci auxiliary optical member 
containing at least partially a polygonal cone shape, 
20 ami an angle rriade by the inclined surface and a normal 
line of a bottom surface of the polygonal cone of the first 
auxiliary optical member and an angle made by the 
inclined surface and a normal line of a bottom suri'ace of 
the polygonal cone of the second auxiliary optical mem- 
25 ber, may be different from each other. 

[0054] !n the illumination apparatus, the polygonal 
cone shape may include a first inclined surface in which 
the angle made by the normal line of the bottom surface 
of the polygonal cone shape is a first angle, and a see- 
so ond inclined surface in which the angle made by the nor- 
mal line of the bottom surface of the polygonal cone 
shape is a second angle different from the first angle. 
[Q055] .According to a preferiabie mode of the 
present invention, a projection exposure apparatus for 
35 illuminating a mask with the radiation by use of an illumi- 
nation apparatus for supplying exposure radiation, and 
projecting a pattern on the mask on a workpisce 
through a projection optical system, comprise the illumi- 
nation apparatus described above, wherein the radia- 
40 tion source supplies the exposure radiation. 

[0056] Ttie at)ove fjrojection exposure apparatus 
may further comprise another optical integrator, so pro- 
vided as to be exchangeable with at least the wavefront 
division type optical integrator, for forming a substantial 
'^5 planar radiation source on the basis of the beams of 
radiation from the radiation source. 
[0057] The projection exposure apparatus 
described above may further comprise an input unit for 
inputting data about a type of the mask, and the wave- 
so front division type optical integrator may be replaced 
With another optica! integrator on the basis of the data 
given from the input unit. 

[0058] In the above projection exposure apparatus, 
the input unit may be a console. 
55 [0059] In the above projection exposure apparatus, 
the input unit may read a mark formed on the mask. 
[0060] According to a preferable mode of the 
present invention, an exposure method of iiiumlnating a 
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mask with exposure radiation in an sjliraviolet region 
and projecting a pattern on the mask on a workpiece 
through a projection opticai system, comprises a step oi 
using the projection exposure apparatus described 
above. 5 
[0061] The above exposure method may further 
comprise a step of inputting (iata aboiil a type of the 
mask, and a step of exchariging a wavefront division 
type opticai integrator with another opticai integrator on 
the basis of the data Inputted. io 
[0Q62] According to a preferable mode of the 
present invention an exposure method comprises a step 
of illuminating a rnasl^ with exposure radiation in an 
ultraviolet region, and a step of projecting a device pat- 
tern on the mask on a workpiece through a projection is 
optical system, whereiri the step of projectirig the device 
pattern on the workpiece is executed by use of the pro- 
jection exposure apparatus described above. 
[0063] According to a preferable mode of the 
present invention, an exposure method of iiiLiminating a 20 
mask with exposure radiation in an ultraviolet region 
and projecting a pattern on the mask on a workpiece 
through a projection opticai system, comprises a step of 
using the projection exposure apparatus described 
above, 25 
[0064] According to a preferable mode of the 
present invention, an exposure method comprises a 
step of Illuminating a mask with exposure radiation in an 
ultraviolet region, and a step of projecting a device pat- 
tern on the mask on a workpiece through a projection 30 
opticai system, wherein the step of projecting the device 
pattern on the workpiece is executed by use of ttje pro- 
jection exposure apparatus described above. 
[0065] According to a preferable mode of the 
present invention, an illumination apparatus for illumi- 3s 
nating a surface to be illuminated with the radiation, 
comprises a radiation source for generating a beam of 
radiation having a predetermined wavelength, a radia- 
tion deflection member for wavefront-dividing the beam 
of radiation emitted from the radiation source into at 40 
least six beams of radiation, and deflecting at least tfie 
six beams of radiation subjected to the wavefront divi- 
sion in directions different from each other, an optica! 
integrator for forming a planar radiation source In a pre- 
determined configuration on the basis of the beams of 45 
radiation via the radiation deflection member, av.ci a 
condenser opticai system for leading the beams of radi- 
ation from the wavefront-division type opticai integrator 
onto the surface to be illuminated, wherein at least 
some of at least the six beams of radiation deflected by so 
the radiation deflection member are guided onto an 
area that does not contain the opticai axis on a prede- 
termined surface. 

[0066] According to a preferable mode of the 
present invention, a projection exposure apparatus for ss 
illuminating a mask with the radiation by use of an illumi- 
nation apparatus for supplying exposure radiation and 
projecting a pattern on the mask on a workpiece 
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through a projection optical system, comprises the illu- 
mination apparatus described above, wherein a prede- 
termined surface is conjugate with a pupil surface of the 
projection optica! system or a portion in the vicinity of 
the pupil surface. 

[0067] In the above illumination apparatus, a radia- 
tion intensity distribution on a surface {a pupii surface of 
the illumination apparatus) having a reiation of Fourier 
transform with the surface to be illuminated or on a sur- 
face in the vicinity of the former surface, may be sub- 
stantially an ununifcrm distribution. Note that the 
substantially ununlform distribution Implies that in the 
radiation intensity distribution on the (pupil) surface or 
on the surface in the vicinity of this surface, a radiation 
intensity in the area containing the opticai axis of the 
illumination apparatus is substantially diffe.'-ent from a 
radiation intensity in an area that does not contain the 
optical axis. 

[0068] .According to a llirther preferable mode of the 
present invention, a projection exposure apparatus for 
illuminating a mask with the radiation by use of an illumi- 
nation apparatus for supplying exposure radiation and 
projecting a pattern on the mask on a workpiece 
through a projection optical system, comprises the illu- 
mination apparatus described above, wherein a surftice 
having a relation of Fourier transfor.m is substantially 
conjugate with a pupil surface of the projection optica! 
system. 

[0069] In the above illumination apparatus, the plu- 
rality of auxiliary optical members may be disposed 
between the unit optical systems and the surface to be 
illuminated. 

[0070] According ;o a preferable mode of the 
present invention, ttie radiation source emits beams of 
radiation in which a sum of a solid angle with the radia- 
tion t>eams expandir.g and an area! size of the radiation 
beams is almost 2ero. 

BRIEF DESCRIPTION OF THE DiRAVViNGS 
[0071] 

FIG. 1 is a view showing an optical system of a pro- 
jection exposure apparatus in a first embodiment of 
the present invention; 

FIG. 2A is a view sfiowlng a layout of a first fly's eye 

lens in the first embodiment; 

FiG. 2B is a view showing a layout of an aperture 

stop; 

FIGS. 3A - 3D are views each showing a configura- 
tion of a conventional fly's eye lens; 
FIG. 3E is a view showing an illumination area 
thereof; 

FIGS. 4A and 48 are explanatory views showing an 
azimuth angle; 

FIG. 5 is an explanatory view showing a deviation 
angle of a lens element; 

FIGS. 6.A - 6J are explanatory views showing the 
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lens elements; 
FIG, 6K is ari explanatory view showing an iiitimina- 
tlor, area thereof; 

FiGS. 7A - 7F are explanatory views showing other 
lens elements; 5 
FIG. 7G is an explanatory view showing an illumi- 

naNon area thereof: 

FIG. 8 is a view showing a modified example of the 
first embodiment; 

FIG. 9 is a view showing an optical system of the 10 
fiy's eye iens in the projeciion exposure apparatus 
in a secorsd embodiment; 

FIG. 10A is a view showing a layout of the first fiy's 

eye lens in a second embodiment; 

FIG. 1 0B is a view showing a layout of an aperture 15 

slop; 

FiGS. 1 1A - 11c are views each showing a config- 
uration of the lens element; 
F!G. 11D is a view showing an illumination area 
thereof; 20 
FiGS. 12A and 12B are views each showing a lay- 
out of the lens element of the first fiy's eye lens and 
a lemon skin filter; FIG. '120 is a view showing an 
illumination area when using the iemon skin filter; 
FiGS. 13A • 13D are views showing a process of 25 
manufacturing the lemon si^in filter; 
FiGS, 14.A ~ 14J are views showing other lens ele- 
ments; 

FIG. 14K is a y\ew showing an illumination area 

thereof; 30 

F!G. 15A is a view showing a layout of the first fiy's 

eye lens in a third embodimerst; 

FIG. 15B is a view showing a layout of the aperture 

stop; 

FiGS. 16A - 16D are views showing the lens ele- 3s 

ments; 

FIGS. 16E and 16F are views each showing an an- 

muSh angle; 

FiG. 16G is a view showing an illumination area 
thereof; 40 
FIGS. 17A - 17D and 17F - 17i are views showing 
the lens elements; 

FiGS. 1 7E and 1 7J are views each showing the azi- 

miiih angle; 

FIG. 17K is a vieys- showing an array; 45 
FIG. 17L is a view showing an illumination area 
thereof; 

FiG. 18A is a view showing an optical system of the 
fly's eye lens in the projeciion exposure apparatus 
in a fourth embodiment; so 
FIG. 18B IS a view showing a relation between the 
first fly's eye lens and a deflection prism; 
FiG. 19 is a view showing constructions of an illumi- 
nation apparatus in a fifth embodiment and of the 
projection exposure apparatus including the same 55 
illumination apparatus; 

FIG, 20A is a vievv showing a configuration of a 
revolver provided with the first fly's eye lens; 
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FiG. 20B is a view showing a configuration of a 
revolver provided with an aperture stop; 
FIGS. 21 A - 21c are views each showing a relation 
between the first fly's eye lens and a conical shaped 
optica! member; 

FiG. 22A is a view showing action of a prism of the 
optical member; 

FIG. 22B is a view showing an illumination area 
thereof; 

FiG. 22c ;s a view showing an optical path of a radi- 
ation bea!Ti persetrating the fiy's eye iens and the 
conical shaped optical member; 
FiG. 22D is a view showing an illumination area 
thereof; 

FiGS. 22.A - 23E are views each showing an inten- 
sity disthbution on a predeter.mined surface; 
FiGS. 24A - 24C are views each showing a relation 
between the first fly's eye lens and a square cone 
shaped optical member; 

FIG. 24D is a view showing an Illumination area on 
a predetermined surface; 

FiGS. 25A - 25D are views each showing a modi- 
fied example of the optical member tailing a conical 
shape; 

FiGS, 26A - 26C are views each showing an exam- 
ple where the revolver (turret) Is provided with the 
first fly's eye iens and the optical member, respec- 
tively; 

FiG. 27 is a view showing an outline of a construc- 
tion of the projection exposure apparatus In a sixth 
embodiment; and 

FiG. 28 is an explanatory flowchart showing a proc- 
ess of an exposure of a predetermined circuit pat- 
tern. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

[0072] Embodiments of the present invention will 
hereinafter be described with reference to the accompa- 
nying drawings. 

{First Embodiment) 

[0073] A projection exposure apparatus in a firs! 
embodiment of the present invention will be explained 
referring to FiGS. 1 through 7G. FIG. 1 is a view show- 
ing an optical system of the projection exposure appara- 
tus in the first embodiment of the present invention, 
FIGS. 2A and 28 are views showing layouts of a vvave- 
front division type optica! integrator and of an aperture 
stop. FiGS. 3A - 3D are views each illustrating a config- 
uration of a fiy's eye lens serving as the wavefront divi- 
sion type optical integrator. FiG. 3E is a diagram 
showing an illumination area on a second fly's eye iens 
based on the fly's eye lens shown in FiGS. 3A - 3D. 
FIGS, 4A, 4B and 5 are explanatory view showing an 
azimuth angle and a deviaflon angle of each of lens ele- 
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ments of the fly's eye lens, FiGS. 6A - 6J are views each 
showing a configuration of the fiy's eye lens serving as 
the vvavefront division type optica! inlegralor In the first 
embodiment; F1G. 6K is a diagram showing an illumina- 
tion area ori a second fly's eye lens based on the fly's 
eye lens shown in FiGS. 6A - 6J. FIGS. 7A - 6F are 
views each showing a configuration of the fly's eye lens 
serving as the wavefront division type optical integrator 
if! the first embodiment. F!G. 7G is a diagram showing 
an iiiijrnination area on a second fly's eye lens based on 
the fly's eye iens shown in FiGS. 7A - 7F. 
[0074] Referring to FiG. 1 , radiation beams emitted 
from a radiation source 1 composed of, e.g., an sxcimer 
laser travel through a beam profile adjusting optical sys- 
tem 2 including a beam expander and an anamorphic 
optical system, whereby a profile and a size of the radi- 
ation beams are adjusted to an arbitrary profile and 
size. The radiation beams from the beam profile adjust- 
ing optical system 2 are reflected by a mirror 3 and 
thereafter penetrate a quartz pristr: 4 for relieving polar- 
ization of the radiation beams. Note that this ^/pe of 
quartz prism 4 is described in depth in, e.g., Japanese 
Patent Application Laid-Open Piiblication Nos. 3-161 14 
and 3-264114. The radiation beams from the quartz 
prism 4 arrive at a first fly's eye lens (a secondary radi- 
ation source forming element) as the wavefront division 
type optical integrator, in the first embodiment, a plural- 
ity oi iir;;; ily's 6;ye lenses different in type from each 
other are provided on a revolver 105 so provided as to 
be rotatable about a predetermined axis. 
[0075] As shown in FiG. 2A, plural types of first fly's 
eye lenses 51 ~ 55 are provided, and one of these 
lenses is selectively positioned inside an iliummation 
optical path by revolving the revolver 105. Herein, the 
first fly's eye lenses 51 - 53 have the same structure as 
the conventional fly's eye lens. 

[0076] The atructs.ire o! the first fly's eye lens 51 Is 
explained referring to FiGS. 3A - 3K. The first fly's eye 
iens 51 is constriicted In such a way that lens elements 
(unit optical system) 510 each taking a piano-convex 
shape as shown in a Y-Z side view in FIG. 3A and arj X- 
Y plan view in FiG. 3B are integrated in a two-dimen- 
sional matrix as illustrated in a Y-Z side view in FiG. 3C 
and an X-Y plan view In FIG. 3D. In this case, the plural- 
ity of lens elements 510 converge the radiation beams 
incident upon the respective iens elements and form 
radiation source Images outside the lens elements 510, 
wherein the radiation source images of which the 
number corresponds to the number of the lens elements 
510 are formed by the first fly's eye lens as a whole. 
Note that the first fly's eye lens 52 provided on the 
revolver 105 shown in FIG. 2A has substantially the 
same configuration as the first fly's eye iens 51 
described above and has a focal length longer than thai 
of the first fly's eye lens 51 . Further, the first fly's eye 
lens 53 also takes substantially the same configuration 
as the ilrst fly's eye iens 51 describeci above and has a 
focal length longer than that of the first fly's eye lens 52. 



[0077] In accordance with the first embodiment, the 
radiation source 1 involves the use of a laser, and hence 
an exit end surface of each of the iens elements config- 
uring the first fly's eye lenses 51 - 53 is plane, however, 

5 this exit end surface is not limited to the plane surface. 
Note that the fiy's eye lens structured so that the illumi- 
nant image forming positions are set outside the iens 
elements, is disclosed In, e.g., Japanese Patent Appli- 
cation Laid-open Nos. 63-66553, 1-81222 and 2- 

10 48627, 

[0078] Now, the radiation tjeams failing upon the 
first fiy's eye lens, as discussed above, form the plurality 
of radiation source images {secondary radiation 
sources) on the radiation-exit side. The radiation beams 

15 diverging from the plurality of radiation source images 
are converged by a relay iens 6, and an Incident surface 
of a second fly's eye lens 7 serving as a second optica! 
integrator is uniformly illurninated with these converged 
radiation beams in a way of being overlapped with each 

20 other. In this case, an illumination region on the Incident 
surface of the second fly's eye lens 7 is defined as 
shown by hatching in FiG. 3E, and therefore the entire 
incident surface of the second fly's eye lens 7 is Illumi- 
nated with the radiation beams. As a result, a planar 

25 raciiation source composed of a multiplicity of tertiary 
radiation source images of which the number corre- 
sponds to a product of the number of the lens elements 
of the first fly's eye lens and the number of the lens ele- 
ments of the second fly's eye iens, is formed on an exit 

30 surface of the second fly's eye lens 7. An aperture stop 
for changing a shape of the planar radiation source into 
a desired shape by restricting the profile of the radiation 
bean'is passing therethrough, is provided in the vicinity 
of a position where the planar radiation source is formed 

35 on the second fly's eye lens 7. 

[0079] As shown in FIG. 2B, in the firs! embodi- 
ment, plural types of aperture stops 81 - 86 having aper- 
ture configurations different from each other are 
provided on a revolver 108 rotatable about a predeier- 

40 mined axis, one of these aperture stops is selectively 
positioned within an illumination optical path by revolv- 
ing the revolver 108. 

[0080] Referring back to FIG. 1, the radiation 

beams passing through the aperture stop are guided via 
45 condenser iens units 9 and 11 to a reticle (mask) 13, 
positioned at a surface to be iiiuminated, on which a 
predetermined circuit pattern (device pattern) is 
depicted. Herein, afield stop 10 for defining an illumina- 
fion area (iliumination region) on the reticle 13 is dis- 
50 posed in the concieriser lens units 9,11, The condenser 
iens units 9, 1 1 are, it may be conceived, separated into 
a lens system 9 for converging the radiation beams 
through the aperture stops and uniformly illuminating 
the field stop 10 with the converged radiation beams in 
55 a way of being overlapped with each other, and into a 
field stop projection optical system 1 1 for uniformly illu- 
minating the illumination area on the reticle 13 by forrn- 
ing an image of the iiiuminated field stop 10 onto the 
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reticle 13. 

[0081] Then, a padern formed on Ihe rstide 13 by 
the radiation beams with which to uniformiy iiluminate 
the field stop 10, is projected through a projection lens 
14 or! a wafer (workpiece) 15 defined as an object to be 5 
exposed, thus exposing the wafer 15 to the radiation of 
this pattern. Note that the reticle 13 is held ors a reticle 
stage MST so provided as to be movable within the X-Z 
plane in FiG. 1 and rotatable about the Y-axis, and the 
wafer 1 5 is held on a wafer stage WST so provided as to io 
be movabie in the XYZ-direc.tion In FIG. 1 and adjusta- 
ble of its Inclination to the Y-axis. 
[0082] Before touching on a configuration of a first 
fly's eye lens 55, a direction and a quantity of an inclina- 
tion of the exit surface of each lens element will be is 
{ixplaineci referring to FiGS. 4A, 4B and 5. FiGS. 4A and 
4B are an explanatory view and an explanatory diagram 
showing the direction of the inclination of the exit sur- 
face. For simplicity, an optical axis AX of the illumination 
optical system is set coincident with an optical axis of a 20 
lens element An. An exit surface P of the lens element 
An Is inclined to a predetermined plane H perpendicular 
lo the optica! axis AX of the lllurninalion optica! system. 
Then, presuming a straight line (which will hereinafter 
be called an [azimuth straight line]) L. into wfiich a nor- 25 
mal line N of the exit surface P is projected on the pre- 
determined plane H, as shown in FiG. 4B, an angle 
made by the azimuth sSlralghl line and the X-axis Is set 
as an azimuth angle a. The azimuth angle a corre- 
sponds to a direction in which the radiation beam of inci- 30 
dence Is deflected by the lens element. 
[0083] FIG. 5 is an explanatory view showing a 
quantity of inclination of the exit surface. Herein also, for 
simplicity, the optical axis AX of the illumination optical 
system is set coincident with the optical axis of the lens 3s 
element An. Within the plane incli.iding the azimuth 
.straight line L and a straight line LA or LB parallel to the 
optical axis AX, an angle made by the exit surface P of 
the lens element An and by the predetermined plane H 
is set as an apex angle 0 of the lens element An, when 40 
this apex angle 9 and a refractive index n of ihe leris ele- 
ment An are determined, a deflection angle 6 defined as 
a quantity with which the incident radiation beam is 
deflected by the lens element, can t)e obtained. At this 
time, the apex angle 8 if ihe lens element An and the 45 
deviation angle 6 have the following relation. 

n " sine = sin{e 6) (1) 

In fact, a distribution of the illumination area on the inci- so 
dent surface of the second fly's eye lens Is a given 
value, and the deviation angle 6 for obtaining the distri- 
bution is determined ahead. Such being the case, the 
above formula (1) is transformed such as: 

55 

tanO = (sin5 )/ (n - cos6 ) (2) 
The apex angle G of the lens element An can be 



obtained from the given deviation angle 8. 
[0084] Referring next to FIGS, 6A ■■ 6K, the first fly's 
eye lens 65 in the first embodiment will be described. 
The first fly's eye lens 55 is constructed such that the 
plurality of lens elements, i.e., plano-convex lenses, of 
which exit surfaces {flat surfaces) are inclined with pre- 
deieririined quantities in predetermined directions, are 
integrated in ihe tvvo-d:mensionai matrix. 
[0085] The first fly's eye lens 55 in the first embodi- 
ment has four types of lens elements (unit optical sys- 
lerns) such as a lens element a shown in FIG, 6A, a lens 
element b shown in FIG. 6B, a lens element c shown in 
FiG. 6C, and a lens element d shown in FIG. 6D. Herein, 
as shown in FiGS. 6E - 6H, azimuth straight lines La - 
Ld of the respective lens elements on the predeter- 
mined plane H, are in directions rotating through 90 
degrees with respect to each other. Then, those four 
types of lens elements a - d are assembled in a check- 
ered pattern as shown in FiGS. 6i and 6J. Note that 
FiG. 61 is a YZ plan view of the first fly's eye lens 55, and 
FiG, 6J is an XY plan view. As understood from FIG. 6J, 
the first fly's eye lens 55 includes a plurality of lens ele- 
ment units each consisting of four pieces of lens ele- 
ments each having an angle of 90 degrees made by 
their a^.imuth straight lines. 

[0086] Note that the respective lens elements a - d 
of the first fly's eye lens 55 shown in FiGS. 6A - 6D have 
each a focal length that is more than twice the focal 
length of each of the lens elements 51 0 of the first fly's 
eye lens shown in FiG. 3A and so on. Further, the devi- 
ation angles 5 of the lens elements a - d of the first fly's 
eye lens 56 are set to the same numerical value. 
[0087] Thus, the lens elements a - d constituting the 
first fly's eye lens 55 in the first embodiment are eccen- 
trically arranged so that the radiation beam incident 
along a central axis (an optical axis of the lens element) 
connecting the center of an incidence-side clear aper- 
ture diameter of the lens element lo ihe center of an 
exit-side clear aperture diameter thereof, exits with an 
inclination to this central axis. Therefore, as shown in 
FiG. 6K, not a central part but positions shifted side- 
ways on ihe incident surface of the second fly's eye lens 
7 are illuminated with the radiation beams traveling 
through the lens elements. 

[0088] .At this time, ihe relay optical system 6 iiiumi- 
nates an area A with the radiation beams deflected by 
the plurality of lens elements a in ihe way of being over- 
lapped with each other. The relay optical system 6 illu- 
minates an area B with the radiation beams deflected by 
the plurality of lens elements b in the way of being over- 
lapped with each other. The relay optical system 6 illu- 
minates an area C with the radiation beams deflected 
by the plurality of lens elements c In the way of being 
overlapped with each other. The relay optical system 6 
illuminates an area D with the radiation beams deflected 
by the plurality of lens elements d in the way of being 
overlapped with each other. Namely, the area A may be 
conceived as what the radiation beams penetrating the 
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piiirality of lens elemersts a are overlapped with each 
other. The area B may be conceived as what the radia- 
tion beams penetrating the piurality of lens elements b 
are overlapped with each other. The area C may be con- 
ceived as what the radiation bearrss penetratirsg the plu- 
rality of lens elements c are overlapped with each other. 
The area D rrsay be conceived as what the radiation 
beams penetratirsg the plurality of lens elements d are 
overlapped with each other. Accordingly, it is feasible to 
maintain a characteristic of a double fly's eye lens sys- 
tem. The characteristic is a characteristic that the radia- 
tion beams with a divided wavefrorst are overlapped with 
each other on the incident surface of the second fly's 
eye lens. This characteristic may embrace, to be spe- 
cific, an effect (1) that an illuminance of the illLimination 
radiation can be uniformi^.ed by increasing the numt)er 
of wavefront divisions without any increase in manufac- 
turing costs, an effect (2) that an adverse Influence 
caused by vibrations of the radiation beams from the 
radiation source can be prevented, and an effect (3) thai 
a quantity of decline of the iiiuminance uniformity in the 
case of changing the configuration of the aperture stop, 
is small (a quantity of change from an ideal Kohler illu- 
mination state is small). 

[0083] Herein, if an ap«:rture stop 85 tiaving four 
apertures shown in FIG. 2B is disposed on the exit sur- 
face of the second fly's eye lens 7, it is obvious that a 
loss of the radiation quantity in the case of using the first 
fly's eye lens 55 is smaller than by using the conven- 
tional first fly's eye lens 51 . 

[OOSO] Note that the direction of deviating sideways 
and the deviation quantity on the incident surface of ttie 
second fly's eye lens 7 are determined by the direction 
and quantity (cieviation angle 5) of the eccentricity of 
each lens element, in the first embodiment, the eccen- 
tricity of each of the lens elements is set in the four 
directions, and the deviation angles 8 thereof are a!i set 
to the same numerical value, however, the eccentric 
direction is not iimited to the four directions, and the 
deflection angle 5 Is not confined to the same numerical 
value, 

[0091] Further, in the first embodiment, the lens ele- 
ments are arranged In the checkered pattern and may 

also be arranged in any patterns. If the iens eleinents 
constituting the second fly's eye lens 7 have a large 
aberration, however, it is desirable that a whole image 
configuration of the plurality of radiation source images 
formed through the first fly's eye lens on the respective 
exit surfaces of the lens elements of the second fly's eye 
lens 7, be symmetric in rotation to the greatcist possible 
degree in order to reduce an influence of the aberration. 
[0QS2] In the first embodiment, for example, only 
the '•adiatlon beams passing through the lens elements 
a of the first fly's eye lens 55 are guided to the lens ele- 
ments of the second fiy's eye iens disposed within the 
area A in FIG. 6K. Accordingly, the image configuration 
of the plurality of radiation source images formed on the 
exit surface of one single iens element disposed within 



the area .A, corresponds to a position of the lens ele- 
ment a of the first fiy's eye iens 55. Therefore, in order to 
form the image taking the rotationally symmetric config- 
uration on the exit surface of each of the lens elements 
5 of the second fly's eye iens 7 disposed within the area 
A, it Is understood that the plurality of lens elements a of 
the first fly's sye lens 55 may be disposed in the rotation 
symmetry. 

The same discussion may be established with respect 

io to the lens elements of the second fiy's eye lens dis- 
posed with in each of other areas B, C and D, and hence 
the lens elements a ~ d are, as shown in FIG. 6J, dis- 
posed so as to get proximal to rotaiionaiiy symmetric 
positions in the first embodiment. 

16 [Q0S3] Referring next to FIGS. 7A - 7G. a first fiy's 
eye lens 54 in the first embodiment will be explained, 
this first fly's eye lens 54 is likewise structured such that 
the lens elements, i.e., the piano-convex lenses of 
which the exit surfaces (fiat surfaces) are inclined with 

20 predetermined quantities in predetermined directions, 
are integrated in the two-dimensional matrix. 
[0094] The first fly's eye lens 54 in the first embodi- 
ment has two types of lens elements (unit optical sys- 
tems) such as a lens element a shown in FIG. 7A, and 

25 3 lens eiernerit b shown in FIG, 7B. Herein, as shown in 
FiGS. 7C and 7D, azimuth straight lines La and Lb of the 
respective lens elements on the predetermined plane H, 
are In directions rotating through 180 degrees with 
respect to each other. Then, those two types of lens ele- 

30 ments a, b are assembled in a checkered pattern as 
shown in FIGS. 7E and 7F Mote that FIG. 7E is a YZ 
plan view of the first fiy's eye iens 54, and FIG. 7F Is an 
XY plan view. A& understood from FIG. 7r, the first fiy's 
eye lens 54 includes a plurality of iens element units 

35 each consisting of two pieces of lens elements each 
having an angle of 180 degrees made t;y their a^.imuth 
straight lines. Note that the deviation angles 8 of the 
lens elements a, b of the first fly's eye lens 54 are set to 
the same numerical value. The lens elements a, b con- 

40 stituting the first fly's eye lens 54 in the first embodiment 
are also eccentrically arranged so that the radiation 
beam incident along a central axis (an optical axis of the 
lens element) connecting the center of an incidence- 
side clear aperture diameter of the lens element to the 

45 center of an exit-side clear aperture diameter thereof, 
exits with an inclination to this central axis. Therefore, 
as shown In FIG. 7G. not a central pari but positions 
shifted sideways on the incident surface of the second 
fly's eye lens 7 are illuminated with the radiation beams 

50 traveling througti the lens elements. 

[OOSS] At this time, the relay optical system 6 illumi- 
nates the area A with the radiation bearns (ieflected by 
the plurality of lens elements a in the way of being over- 
lapped with each other. The relay optical system 6 illu- 

55 minates the area B with the radiation beams deflected 
by the plurality of lens elements b in the way of being 
overlapped with each other. 

[0096] Herein, it Is appa.'ent thai even in a case 
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where an aperture stop 84 having two apertures shown 

in FG. 2B is disposed on tlie exit surface of ihe second 
fly's eye lens 7, an eclipse of the radiation beams arid a 
loss of the radiation quantity in the case of using the first 
fly's eye iens 54, are srrsaiier than by using the conven- 5 
tiona! first fly's eye iens 51 . 

[0097] Note that the direction of deviating sideways 
and the deviation quantity' on the incident surface of the 
second fly's eye iens 7 are determined by the direction 
and quantity (deviation angle 6 ) of the eccentncity of 10 
each lens element, in the first fly's eye iens 54, the 
eccentricity of each of the lens elements is set in the two 
directions, and the deviation angles 5 thereof are ail set 
to the same numerical value, however, the eccentric 
direction is not limited to the two directions, and the 15 
deviaiiori angle 8 Is not confined to the same numerical 
value. 

[0098] Next, an operation of switching over the first 
fly's eye lenses 51 - 55 and an operation of switching 
over the aperture stops 81 - 85, will be explained refer- 20 
ring to FIGS. 1 , 2A and 2B. 

[0099] Referring to FIG. 1 , a drive unit Mil having 

a motor or an air cylinder etc roiaiionally dhves the 
revolver 105 provided with the piLirai types of first fly's 
eye lenses 51 - 55, whereby one of ihe first fly's eye 25 
lenses 51 - 55 Is positioned within ihe optical path. 
Then, a drive unit MT2 having the motor or the air cylin- 
der etc rotationaliy drives the revolver 108 provided with 
the plural types of aperture stops 81 - 85, whereby one 
of the aperture stops 81 - 85 is positioned within the 30 
optical path. Further, a variable aperture stop 1 14 capa- 
ble of making an aperture diameter variatjis is (iisposed 
In the vicinity of a pupil position of the projection iens 14. 
A drive unit MT3 drives the variable aperture stop 114 
so that the aperture diameter thereof is set to a prede- 3s 
termined diameter. Note that the variable apertisre stop 
1 1 4 bears substantially a oonjugate posiilonal relation 
with the aperture stops 81 - 85. Those drive units MT1 - 
MT3 are connected to a main control unit 1 00 to receive 
control signals from the main control unit 100. 40 
[0100] Further, the e.xposure apparatus in the fir.st 
embodiment is provided with a reticle stocker RS for 
stocking plural types of reticles. A barcode reader BR 
for reading a barcode pattern 3C formed on a reticle 13 
is provided in a reticle carry path extending from the rei- 4S 
Icle stocker RS down to a reticle stage MST. The bar- 
code reader BR is connected to the main control unit 
100 so that read data of this barcode pattern BC can be 
transferred to the main control unit 100. 
[0101] Moreover, an inpiii unit 101 including a key- so 
board etc. is connected to the main control unit 100, and 
an input signal from the input unit 101 is thereby trans- 
mitted to the main control unit 100. Note that the input 
unit 101 may be an interface provided in a device man- 
ufacturing factory and connected via LANi (Local Area 55 
Network) to a host computer for controlling device man- 
ufacturing apparatuses such as a plurality of exposure 
apparatuses etc, this interface serving to receive control 



signals from this host computer. 
[0102] Now, when a signal relative to an indication 
of exchanging the reticle is transmitted from the input 
unit 101 to the main control unit 100, the main control 
unit 100 commands an unillustrated robot arm etc to 
take out a predetermined reticle 1 3 from within the reti- 
cle stocker RS, and the reticle is carried along the carry 
path described above and placed on ihe reticle stage 
MST. At this time, the barcode reader BR transfers the 
data of the barcode pattern formed on the reticle 1 3 to 
the main control unit IOO. Herein, the barcode pattern 
on the reticle 13 is stored with pieces of data on illumi- 
naiion conditions including data about the types of the 
aperture stops 81 - 85 and data about an aperture 
diameter of the variable aperture stop 114, The main 
control unit 100 controis, based on the illumination con- 
ditions, the driving of the drive units MT1 - MT3. 
[0103] Note that the data contained in the barcode 
pattern on the reticle 1 3 may not have the data on the 
illijrriination conciiiions in this case, a reticle narne 
retained in the barcode pattern and the iilurnination con- 
ditions corresponding to this reticle name are stored in 
or inputted beforehand to ihe main coniroi unit 100. The 
data about ihe reticle name read by ihe barcode reader 
BR are coiiated with ihe data on the iilurnination condi- 
tions stored therein, and the driving of the drive units 
MT1 - MT3 is controlled based on data about the iilumi- 
naiion conditions collated therewith. Further, in this 
instance, the data about the name of the reticle to be 
used and the data on the illumination conditions at that 
time may be inputted directly from the input unit 101 
without using the barcode reader BR. 
[0104] Fteferring to FIGS. 2A and 23, the following 
is one example of a>rrespondence relations between 
the aperture stops 81 - 85 and the first fly's eye lenses 
51 - 55 in the fir.si embociiment. 
[0105] When the aperture stop 81 having a large 
diameter (which may be i^eferred to as a large a illumi- 
nation-oriented aperture stop) is selected as an aper- 
ture stop, the first fly's eye lens 51 having a short focal 
iength ttiat is the same as the converiiionai fly's eye lens 
(Ibr its configuration, see FIGS 3A - 3D) is selected. Fur- 
ther, when the aperture stop 82 having an intermediate 
diameter (which may be referred to as an intermediate 
a iiiiiiTiination-orienied aperture stop) is selected as an 
aperture stop, the firsi fly's eye lens 52 having an Inter- 
mediate focal length is selected. Moreover, when the 
aperture stop 83 having a small diameter (which may be 
referred to as a small o- illumination-oriented aperture 
stop) is selected as an aperture stop, ihe first fly's eye 
lens 53 having a large focal length is selected. When the 
aperture stop 84 having the two apertures is selected as 
an aperture stop, the above-described fly's eye iens 54 
(for its configuraiion, see FIGS. 7A - 7F) is selected. 
When the aperture stop 85 for quadrupoiar (4-aperture) 
illumination is selected as an aperture stop, the fly's eye 
lens ,55 (for lis configur.ation, see FiGS. 6A - 6J) 
described above is selected. In accordance with ihe firsi 
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embodiment, the main control unit 100 controls ttie 
drive units MT1 and iV!T2 so as to have the correspond- 
ence relations given above. 

[0106] The optimal illumination corresponding to 
the type of the reticle can be attained in a state of mini- 
mizing a loss of quantity of the illumination radiation, 
and both of a resoiution and a throughput can be 
enhanced at the same time. 

[0107] Next, an applied example (a modified exam- 
ple) of the first embodiment will be discussed with refer- 
ence to FIG. 8 is an XY plan view showing a 
configuration of an aperture stop provided in the iliumt- 
nation optical system. An aperture stop 86 illustrated in 
FIG. 8 has a plurality (nine pieces) of apertures a - i 
arranged in a square matrix. Herein, the aperture i 
among the piuraiily of apertures is disposed iri a posi- 
tion including an optical axis of an illumination optical 
system when this aperture stop 86 is positioned within 
the optical path of the Illumination optical system. Then, 
the apertures a, e are formed in ecceninc positloiis sub- 
stantially at an equal distance with the optiasi axis being 
centered therebetween, and the apertures c, g are 
formed in eccentric positions substantially at an equal 
distance with the optical axis being centered therebe- 
tween. A straight line connecting a couple of the aper- 
tures a, e and a straight line connecting another couple 
of the apertures c, g, are substantially orthogonal to 
each other. Further, the apertures b, f are formed in 
eccentric positions substantially at an equal distance 
with the optical axis being centered therebetween, and 
the apertures d, h are formed in eccentric positions sub- 
stantially at an equal ciistance with the optical axis being 
centered therebetween. A straight line connecting a 
couple of apertures b, f and a straight line ccjnnecting 
another couple of apertures d, h, are substantially 
orthogonal to each other. Furthermore, the straight line 
connecting the couple of aperiurea a, e and the straight 
line connecting the couple of apertures c, g, intersect 
each other substantially at 45 degrees on the XY plane. 
The straight line connecting the couple of apertures b, f 
and the straight line connecting the couple of apertures 
d, h, intersect each other substantially at 45 degrees on 
the XY plane. 

[0108] in the case of using the aperture stop 86 
having the plurality of apertures a - i described above, 
when the first fly's eye lens illuminates the second fly's 
eye lens with the radiation beams, it is set how many 
beams among the radiation beams split at the first fly's 
eye lens are allocated from the aperture a to the aper- 
ture i, thereby making it feasible to arbitrarily determine 
an intensity ratio between the illumination radiation 
beams with which the respective apertures a - i are illu- 
minated. 

[0109] For example, if the radiation intensities are 
allocated to only the apertures a, c, e, g among the nine 
apertures of the aperture stop 86, the general 4-aper- 
ture illumination can be carried out. If allocated to only 
the apertures h, d, the general 2-aperture illumination 



can be performed. If allocated to the apertures a, b, c, d, 
e, f, g, h {if allocated to all the apertures excluding the 
aperture i), an annular illumination can be conducted in 
a pseudo manner. If the radiation intensities are aiio- 

5 cated evenly to all the aperture.? a - i, the illumination 
through a normal circular aperture can be attained in 
the pseudo manner. When the thus constructed aper- 
ture stop 86 is provided in the illumination apparatus, 
the variety of illuminations can be attained simply by 

io selectively switching over the type of the first fly's eye 
lens wfith the revolver 105 without replacing the aperture 
stop 86 with a different aperture stop. 
[0110] Note that a mode of allocating the intensities 
of the illumination radiation through the first fly's eye 

15 lens is not limited to the allocation mode described 
above in this case. For instance, when allocating the 
illumination radiation beams to the apertures a, b, c, d, 
e, e, g, h, the illumination radiation beams with a lower 
intensity than to these apertures may be allocated to the 
aperture i, and may also be allocated with a predeter- 
mined intensity difference between a group of the aper- 
tures a, c, e, g and a group of the apertures b, a, f, g. 
[0111] Further, in a state where the aperture stop 
81 {the large o iiiumination-oriented aperture stop) hav- 

25 ing the largest aperture diamsjter shovvn in FIG. 2B 
remains set in the illumination optica! path, the first fly's 
eye lenses 51 - 55 may be exchanged. In this case, an 
iiiuminance distribution within the aperture of the aper- 
ture stop 81 can be changed only by changing the first 

30 fly's eye lens, and substantially the same effect-as the 
effect yielded when changing the type of the aperture 
stop, can be attained. In this instance, if the relay optical 
systetri 6 for leading the radiation beams from the first 
fly's eye lenses 51 - 55 to the second fly's eye lens is 

35 composed of a zoom lens, a size of the planar radiation 
source forrneci t)y the second fly's eye lens serving as 
an auxiliary optical integrator, can be changed. Further, 
a distance, from the optical axis, of the eccentric planar 
radiation source when performing the bipolar or quadru- 

40 polar illumination, can be consecutively changed. 

[0112] Note that the aperture stop and the first fly's 
eye lens are replaced by the turret method in the 
embodiment discussed above and may also be 
replaced by, instead of this method, a slider method dis- 

','5 closed in, e.g., Japanese Patent Application Laid-Open 
No.6-204114 etc. The slider method might, however, 
easily bring about an adverse influence caused by a 
deviation in position of center of gravity of the apparatus 
due to the replacing operation, and therefore the 

50 revolver {turret) method is more preferable. A further 
construction may be taken, wherein the variable aper- 
ture stop capable of asnsecutlvely changing the aper- 
ture diameter is provided as an aperture stop existing in 
the illuminatlor! apparatus, and there is provided a 

55 shield member {a center shield, a band shield or a cross 
shield) detachably attached in a position vicinal to the 
variable aperture stop. 

[0113] Now, when asse.mbiing the optical system 
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Iricluding ihe double fly's eye lenses described above, it 
is preferable tliai the second fly's eye lens visible from 
the aperture of the aperture stop of the liiijmjnation 
apparatus be l;iumlnated with the radiaiion beams in a 
way of its being circijrnscribed with an outer portion 5 
thereof, in other words, when the radiation beams split 
by the first fly's eye ieris are overlapped with each other 
at a plurality of spots or; the IriCident surface of the sec- 
ond fly's eye lens, ii is preferable that the lens elements 
{which are overlapped with the aperture areas among jo 
the plurality of lens elements of the second fly's eye 
lens) of the effective second fly's eye lens, be embraced 
so as not to extrude from this overlapped area. As dis- 
cussed above, for establishing the double fly's eye lens 
system, the radiation beams, which are wavefront- 15 
divided by the first fiy's eye lens and overlapped, must 
be put into the overlapped state by eifecling again the 
wavefront-division with ihe second fly's eye lens, if there 
exists such a lens element that the radiation beams fa!! 
on only the half of the clear aperture diameter thereof 20 
among the effective lens elemerits of the second fly's 
eye lens, however, it follows that the radiation beams of 
which only the half enters are overlapped on the surface 
to be illuminated, with the result that the advantage of 
the double fly's eye lens system discussed above can 25 
not be obtained. This phenomenor! Is not therefore pref- 
erable. 

(Second Embodiment) 

30 

[0114] Next, the projection exposure apparatus in 
accorciance with a second embodiment will be 
described. As discussed above, in the optica! system of 
the exposure apparatus In the first embodiment, when 
the radiation beams are incident upon the second fly's 3s 
eye lens, if there exists the lens element that the radia- 
tion beams fall on only the half of the clear aperture 
diameter thereof among the effective lens elements of 
the second fly's eye lens, especially the lens element 
where the illumination area changes stepwise on the 40 
incidenj surface, the uniformity of ihe illuminance on an 
exposed surface 15 might decline. It Is therefore more 
preferable that the illuminance distribution changed 
stepwise due to the deviation of the radiation beams 
with the divided wavefront be changed gently by provid- 45 
ing a radiation dilfusion member ai a radiation-source- 
sided portion of the first fly's eye lens. Herein, It Is pref- 
erable that the radiation diffusion member be such a 
lemon skin filter that ruggedness of an obscure glass 
thereof is srnoothed. so 
[0115] In the second embodiment, for the reason 
elucidated above, the lemon skin filter LS as the radia- 
tion difliision member is disposed at the radiation- 
source-sided portion of the first fly's eye lens. The basic 
configuration other than the lemon skin filter LS is the 55 
same as that of the projection exposure apparatus in 
the first embodiment. Note thai the radiation diffiision 
member involves ihe use of the lemon skin filter LS in 



the second embodiment, and hence there is not kept 
the state that "ihe radiation beams wavefroni-divided 
and overlapped are again wavefroni-divided and over- 
lapped" as the charactehstic of the double fly's eye lens 
opticjl system. Accordingly, this sysiersi has the same 
effect as the single fly's eye lens optical system has. 
[01 16] FIG. 9 is a view showing an optical system of 
the fiy's eye lens unit of ihe projection exposure appara- 
tus in the second embodiment of the present invention. 
The components excluding the optical system shown in 
FIG, 9 are the same as those of the exposure apparatus 
in the first embodiment shown In FIG. 1, of which repet- 
itive explanations are omitted, and are marked with the 
same numerals in FIG. 1. 

[01 17] As in the case of the apparatus In FIG. 1 , the 
radiation beams emitted from the radiation source such 
as the excimer laser travel through the beam profile 
adjusting optical system 2, wherein the profile of the 
radiation beams is adjusted to an arbitrary profile. 
Thereafter, these radiation beams are incident on the 
lemon skin filter LS via the mirror 3 and the quartz prism 
4 for relieving the polarization of the radiation-beams. 
[0118] Then, ihe radiation beams diffused by the 
lemon skin filter LS enter any one of first fly's eye lenses 
151 - 156 each ccsmposed of a plurality of optical ele- 
ments, and secondary radiation sources consisting of a 
multiplicity of radiation source images are formed on its 
exit surface. "F"he radiation beams diverging from the 
multipliciiy of secondary radiation sources are con- 
verged by the relay lens 6, and the incident surface of 
the second fiy's eye lens 7 is uniformly illuminated with 
these converged radiation beams in the way of being 
overlapped with each other. 

[0119] As a result, She multipliciiy of radiation 
source images (tertiary radiation sources), of which the 
riumber corresponds to a product of the number of the 
iens eietnenis of the first fiy's eye lens and the number 
of the lens elements of the second fly's eye lens, can be 
formed on the exit surface of the second fiy's eye lens 7. 
Next, a diameter of the radiation beams diverging from 
ttie pianj-r radiation source as the iertlary radialion 
sources is restricted by any one of aperture stops 181- 
185, and these radiation beams are thereafter guided to 
the condenser iens groups 9, 11, Then, a reticle or 
mask 13 depicted with a pattern subjected to a projec- 
tion exposure is uniformly illuminated with these radia- 
tion beams In the way of being overlapped with each 
other. Herein, a field stop 10 for defining an illumination 
region is disposed in the condenser lens groups 9, i 1 . 
The pattern formed on the reticle or mask 13 uniformly 
illuminaied with the liiumination radiation beams is pro- 
jected on an object 15 to be exposed, thus exposing this 
object 15 to the radiation of the reticle or mask pattern. 
[0120] Herein, in accordance with the second 
embodiment, as shown in FSG. 10A, as i.n ihe first 
embodiment, the plurality of first fly's eye lenses 151 - 
156 are attached to the roiatable revolver 105, and ihe 
piuraliiy of apertu.re stops 181 - 185 are attached to the 
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rot:atab!e revolver 108. Note that the drive unit for driving 
these revolvers, the main controi unit for controlling this 
drive unit arid the input unit such as the barcode reader 
etc for inputting the liiumination conditions to tlie main 
control unit, are the same as those in the first embodi- 
ment discussed above, and therefore their repetitive 
expianations are herein omitted. 
[0121] Herein, the first fly's eye lens 151 among the 
first fly's eye lenses 151 - 156 provided on the revolver 
105 is equivalent to the first fly's eye lens SI in the first 
embodiment, the first fly's eye lens 152 is equivalent to 
the first fly's eye lens 52 in the first embodiment, and the 
first fly's eye lens 153 is equivalent to the first fiy's eye 
ler^s 53 in the first embodiment. Further, the aperture 
stop 181 among the aperture stops 181 - 185 provided 
on the revolver 1f38 is equivalent to the aperture slop 81 
in the first embodiment, the aperture stop 182 is equiv- 
alent to the aperture stop 82 in the first embodiment, 
and the aperture stop 183 is equivalent to the aperture 
stop 83 in the first embodiment. 
[0122] Next, a configuration of the first fly's eye lens 
154 in the second embodiment will be explained with 
refereni^e to FIGS, 11 A - 1 1 Q. Ttie first fly's eye lens 1 54 
is constructed of a plurality of lens elements, and each 
lens element An has, as shown in FIG. 11 A, a convex 
lens surface and a flat surface inclined to an optical axis 
of the lens element. Note that the optical axis of the lens 
element Indicates, a central axis connecting a center of 
an incidence-side clear aperture diameter of the lens 
element to a center of an exit-side clear aperture diam- 
eter thereof. 

[0123] In the second embodimer<t, a plurality (36 
pieces In the second einioodiinent) of lens elements A1 
• A36 have each the same apex angle 0 , however azi- 
muth straight lines thereof are different by 10" from each 
other. FIG. 1 1 B is a YZ plan view of the first fly's eye 
lens 151. FIG, 11C is an XY plan view of the first fly's 
eye lens. As shown in FIGS. 1 1 B and 1 1 C, the lens ele- 
ments A1 - A36 having the azimuth straight lines differ- 
ent by 10° from each other are integrated in the two- 
dirnensionai rnatrix, thereby forrning the first fiy's eye 
lens 154. It is to be noted that a focal length of each of 
the lens elements A1 - A36 is longer than, i.e., more 
than twice a focal length of each of the lens elements 
constituting the first fly's eye lens 151. 
[0124] FIG. 1 1 D is an XY plan view showing an illu- 
mination region on the incident surface of the second 
fiy's eye lens 7 of the rcsdiation beams via the first fiy's 
eye lens 154. Note that FIG. 1 1 D shows a case in which 
the lemon skin filter LS as the radiation diffusiori mem- 
ber is not used. 

[0125] The first fiy's eye lens 1 54 takes a configura- 
tion in which each of the lens elements .A1 - A36 consti- 
tuting the first fiy's eye lens 154 is eccentric so that the 
radiation beam incident along the optical axis of the lens 
element exits with a skew to this optical axis. Therefore, 
not a central part but positions shifted sideways on the 
incident surface of the second fly's eye lens 7 are illumi- 



nated with the radiation beams passing through these 
lens elements A1 - A36. Accordingly, the illumination by 
the radiation beams assumes an annular shape as 
shown by hatching in FiG. 1 1 D. 

5 [0126] Then, presuming that the aperture stop 185 
sho'wn in F\G. 10B is disposed on the side of the exit 
surface of the second fly's eye lens 7, it can be under- 
stood that a loss of the radiation quantity becomes 
smaller than by using the first fly's eye lens 151 having 

10 the same structure as the conventional one (see FiG. 
3 A etc). 

[0127] fxfote that the direction In which the radiation 
beam deviates sideways and the deviation quantity are 
determined by the direction and quantity of the eccen- 

15 tricity of the lens element. The fiy's eye lens 1 54 shown 
in FIGS. 11A and 11 B involves the use of the lens ele- 
ments having the same apex angle {the eccentric quan- 
tity) and (jccentric in the variety of directions {the 
azimuth straight lines), and hence the annular shaped 
IHumination can be attained, incidentally, in the layout 
shown in FiG. 1 1C, the iens elements proximal in terms 
of the directions of the azimuth straight lines are dis- 
posed apart from each other as itiuch as possible, and 
may also be arranged in many forms whatever. As in the 

25 first embodiment, fiowever, if the lens elements consti- 
tuting the second fly's eye iens have a large aberration, 
it is desirable that a whole image configuration of the 
plurality of iiiuminant images formed through the first 
fly's eye lens on the respective exit surfaces of the lens 

30 elements of the second fly's eye lens, be approximate to 
a rotation symmetry in order to reduce an influence of 
the aberration. 

[0128] As shown in FIG. 1 1 D, the illuminance distri- 
butiori on the irscident surface of the second fiy's eye 

35 lens 7 changes stepwise, if remaining as it is, the uni- 
formity of the illuminance on the surface 15 lo be 
exposed might be lost. Therefore, in the second embod- 
iment, as shown in FIGS. 12A and 12B, the lemon skin 
filter LS serving as the radiation diffusion member is 

40 provided on the incident side {on the side of the radia- 
tion source 1) of the first fly's eye lens 154, thereby dif- 
fusing the radiathon beams entering the first fly's eye 
lens. Note that FIG. 12A is a YZ plan view showing the 
first fly's eye lens 154 and the lemon skin filter LS, and 

45 FIG. 12B IS an XY plan view thereof, incidentally, as 
illustrated in FiG. 1 2B, the lemon skin filter LS has a size 
enough to cover the whole of the first fiy's eye lens 154. 
[0129] As obvious from the XY plan view showing 
the incident surface of the second fly's eye lens 7 in FiG. 

50 12C, the illuminance distribution on the incident surface 
of the second fly's eye lens 7 becomes gentle as indi- 
cated by hatching in the Figure t)y providing the lemon 
skin filter LS. 

[0130] Next, this lemon skin filter LS will be 
55 described with reference to FIGS. 1 3A - 1 30. The lemon 
skin filter LS is, as shown in FiGS. 1 3A and 1 38, formed 

in a circular (or rectangular) shape, and both of surfaces 
of this filter LS are matted surfaces subjected to lemon 
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skin workirsg, FfGS. 13C and 13D are views showing a 
procedure of manufacturing tiie leinon skin fiiier LS. A 
surface of a fial plate P is rougiily ground and thereafter 
abrasive macfiined by use of an abrasive grain on the 
order of #700. Then, the roughly grotinci and sanded 5 
surface, as shown In F\G. 13C, comes to have a rough- 
rsess on the order of 5 .iirri. Thereafter, the roughly 
ground surface is subjected to a chemical treatment by 
use of hydrofluoric acid, whereby the iemor! skin filter 
LS having a miiltiplicity of minute spherical surfaces 
(minute curved surfaces) into which the ruggedness of 
the roughly ground surface is smoothed can be 
obtained. It is to be noted thai F!GS. 13C and 13D show 
an example where the lemon skin filter is formed by 
working the one single surface of the flat p!ate P and 15 
rnay also be formed by working ;he two surfaces. The 
surface of the thus formed lemon skin filter LS functions 
as if innumerable hyperfine micro lenses are arranged 
on this surface. Accordingly, an optical image forming 
relation is completely lost due to the diffusive action by 20 
the lemon skin filter LS, anci an overlapping effect (aver- 
aging effect) yielded by the diffused radiation beams 
traveling in random (arbitrary) directions, acts in a multi- 
plied manner. 

[0131] i-Herein, the surface roughrsess of the lemon 25 
skin filter LS is set to approximately 5 |j,m. The require- 
ment may, however, be simply that the surface rough- 
ness is well large as compared with a wavelength of the 
illumination radiation but is not limited to 5 {.tm. Namely, 
the abrasive grain in the abrasive machining process is 30 
not confined to #700. Further, what is important is the 
structure having the innumerable rnicro lenses, and 
even the diffusion plate, which exhibits the same effect 
and may be treated as a lemon skin filter by receiving 
other chemical treatments, has the same radiation diflu- 3s 
sion effect, and therefore the radiation diffusion member 
is not limited to the lemon skin filter. 
[0132] Next, the first fiy's eye lenses 1 55, 1 56 in the 
second embodimeni will be explained. The first fly's eye 
lens 155 has substantially the same structure as the 40 
first fly'."? eye lens 1,54, however, a difference is ihal a 
focal length of each of the lens elements constituting the 
first fly's eye lens 155 is set a bit longer than that of the 
first fiy's eye lens 1 54. 

[0133] The first fly's eye lens 156 in the second 4S 
ernbodirner;! includes four types of lens elements (unit 
optical systems) such as a lens element a shown in FiG. 
14A, a lens element b shown in FIG. 14B, a Isns ele- 
ment c shown in FIG. 14C, and a lens element d shown 
in FiG. 14D, Herein, as shown in FiGS. 14E - 14H, azi- 50 
muth straight lines La - Ld of the respective lens ele- 
ments on the predetermined plane H, are in directions 
rotating through 90 degrees with respect to each other. 
Then, the two types of lens elements a, b are assem- 
bled as shown in FiGS. 71 and 7. Note that FiG. 14i is a 55 
YZ plan view of the first fly's eye lens 1 56, and FiG. 1 4J 
is an XY plan view. Note that the deviation angifjs 6 of 
the lens elements a - d of the first fly's eye lens 156 are 



set to the same numerical value. 
[0134] The lens elements a ■ d constituting the first 
fly's eye lens 166 in the second embodiment are eccen- 
trically arranged so that the radiation beam incident 
along a central axis (an optical axis of the lens element) 
connecting the center of an incidence-side clear aper- 
ture diarneier o; the lens element to the center of an 
ex:t-side clear aperture diameter thereof, exits with an 
inclination to this central axis. Therefore, as shown in 
FIG. 14K, not a central part but positions shifted side- 
ways on the incitienl surface of the second fly's eye lens 
7 are illuminated with the radiation beams traveling 
through the lens elements. 

[0135] .At this time, the relay optical system 6 illutni- 
nates an area A with the radiation beams deflected by 
the plurality of lens elements a in the way of being over- 
lapped with each other. The relay optical system 6 illu- 
minates an area B with the radiation beams deflected by 
the plurality of lens elements b in the way of being over- 
lapped with each other. The relay optical -system 6 illu- 
minates an area C with the radiation beams deflected 
by the plurality of lens elements c in the way of being 
overlapped with each other. The relay optical system 6 
illuminates an area D with the radiation beams deflected 
by the plurality of leris elements d in the way of being 
overlapped with each other. Accordingly, the radiation 
intensities higher than the radiation intensities in the 
areas .A - D are shown in an overlapped region of the 
areas A and C, an overlapped region of the areas A and 
D, an overlapped region of the areas B and C, and an 
overlapped region of the areas B and D. in this case, a 
radiation intensity distribution of the planar radiation 
source formed on the exit-side of the second fly's eye 
lens 7 becomes what is intermediate between the annu- 
lar configuration and the quadrupolar (4-aperture) con- 
figuration. Noie ihal a technology of forming the planar 
radiation source having this intermediate radiation 
intensity distribution is disclosed m, e.g., Japanese Pat- 
ent Application Laid-Open Mo.7-l 22478. 
[0136] Incidentally, the focal lengths and the deflec- 
tion angles (5 of the leris elements are all the same, but 
may not be limited to the same vaisjes. Further, the azi- 
muth straight lines of the lens elements are set in the 
four directions, however, the number of the directions is 
not confined to 4. 

[0137] Next, one example of correspondence rela- 
tions betiween the first fly's eye lenses 151 - 1 56 and the 
aperture stops 181 - 184 will be explained. 
[0138] When the aperture stop 181 having a large 
diameter (which may be referred lo as a large a illumi- 
nation-oriented aperture stop) is selected as an aper- 
ture stop, the first fly's eye lens 151 having a short focal- 
length that is the same as the conventional fly's eye lens 
is selected. Further, when the aperture stop 182 having 
an intermediate diameter (which may be referred to as 
an intermediate <s illumination-oriented aperture stop) is 
selected as an aperture stop, the first fly's eye lens 152 
having an intermediate focal length is selected. Moreo- 
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ver, when the aperture stop 183 having a sma!! diameter 
{which may be referred io as a smaii cj i!!urnination-ori- 
erited aperture stop) is selected as an aperture stop, the 
first fiy's eye lens iSS having a large focal length is 
selected. When the aperture stop 184 inciuding an 
annular shaped radiation transmitting area (a radiation 
shielding area is indicated by hatching in the Figure) is 
selected as an aperture stop, the fly's eye lens 154 is 
selected. When the aperture stop 185 having a different 
annular ratio (a ratio of an inside diameter to an outside 
diameter of the annular) from that of the aperture stop 
184 is selected as an aperture stop, the first fly's eye 
lens 155 is selected. Then, the first fly's eye lens 156 is 
used in combination with the large a illumination-ori- 
ented aperture stop 1 51 . Note that the lemon skin filters 
LS as the radiation diffusion rrsembers are ir;corporaled 
into the revolver 105 so as to be positioned on the 
respective incident surfaces of the first fly's eye lenses 
154, 165 and 156, and switched over integrally with the 
first fly's eye lenses 1 54, 1 55, 1 56. Further, the first fiy's 
eye lenses 154, 155 may be used in combination with 
the large a illumination-oriented aperture stop 151. 
In accordance with the second embodiment also, the 
uniiiustrated main control unit controls the drive units so 
as to have the correspondence relations given .above. 
The optimal iiiuniination corresponding to the type of the 
reticle can be thereby attained in a state of minimizing a 
loss of quantity of the illumination radiation, and both of 
a resolution and a throughpiit can be enhanced at the 
same time. 

(Third Embodiment) 

[0133] Next, 3 third embodiment will be discussed 
referring to F!GS. 15A - 17L. Note that the construction 

of the projection exposure apparatus in the third embod- 
iment is almost the same as that proiection exposure 
apparatus in the first embodiment illustrated in FIG. 1 
except for configurations of the first fly's eye lens and of 
the aperture stop, and therefore the repetitive explana- 
tion of the whole projection exposure apparatus is omit- 
ted. The same components as those of the apparatus in 
FSG. 1 are marked with the same numerals. 
[0140] in the third embodiment, a first fiy's eye lens. 
Into the wavefront division type optical integrator and a 
radiation deflection member are 'jnited, is constructed 
of a plurality of auxiliary optical member units each con- 
sisting of (4 X n) pieces of lens elements ({unit optical 
systems plus auxiliary optical members). 
[OM'i] FIG. 15A is a view showing the revolver 105 
provided with a plurality of first fly's eye lenses 251 - 
256. FIG. 15B is a view showing the revolver 108 pro- 
vided with a plurality of aperture stops 281 - 286. 
[0142] As shown in FIG. 15A, in accordance with 
the third embodiment, the plurality of flrst fly's eye 
lenses 251 - 256 are attached onto the revolver 105, 
and any one of the plurality of first fly's eye lenses 251 - 
256 is selectively positioned within the optical path of 



the illumination apparatus. Note that the plurality of first 
fiy's eye lenses 251 - 256 are constructed so that llluml- 
nation areas on the incident surface of the second fiy's 
eye lens 7 are different from each other. 
5 [0143] Further, as shown in F!G. 15B, the plurality 
of aperture stops 281 - 286 provided on the revolver 108 
are constructed so that aperture configurations thereof 
are different from each other. The plurality of aperture 
stops 281 - 286 are provided on the rfsvolver 108 so that 
10 a!"!y one of these stops 281 - 286 can be selectively 
positioned within the optical path of the optical system, 
in the third embodiment, these revolvers 105, 108 are, 
as in the first embodiment, rotationally driven by the 
drive units controlled by the main control unit of the pro- 
fs jection exposure apparatus. One of the plurality of aper- 
ture stops 281 ■• 286 and one of the plurality of fl.'-st fiy's 
eye lenses 251 - 256 are thereby positioned within the 
optical path of the illumination apparatus, correspond- 
ing to the illumination conditions required. 
20 [0144] Next, the first fly's eye lenses 251 - 256 will 
respect:yeiy explained. Herein, the first fiy's eye lenses 
251 - 256 are equivalent to the conventional fly's eyB 
lenses. The first fly's eye lens 254 is equivalent to the 
first fly's eye lens 51 in the first embodiment, the first 
25 fly's eye lens 255 is equivalent to the first fly's eye lens 
53 in the first embodiment, and the first fly's eye lens 
256 is equivalent to the first fly's eye lens 52 in the first 
embodiment. 

[0145] Then, the first fiy's eye lens 251 is, based on 
30 the structure of the conventional fiy's eye lens element 
of which the section (the YZ plane in the Figure) includ- 
ing the optical axis takes a plano-convex shape, classi- 
fied as a fly's eye lens constructed by combining plano- 
convex lens elements .A1 - .A4 of which exit-side fiat sur- 
35 laces are, as shown in, e.g., F!GS. 16A - 16D, inclined 
to the optical axis, 

[0146] Next, directions and quantities of the inclina- 
tions of the exit-side surfaces of the lens elements of the 
first fiy's eye lens 251, will be described. Note that the 

40 direction of the azimuth straight line L, the apex angle S, 
and the deviaticsn angle S of each of the lens elements 
which have been explained in FiGS. 4A, 4B and 5 are 
used in the following discussion. 
[0147] As shown in FIGS, 16A - 16D, the four 

4S pieces of lens elements A1 - .A4 of the first fly's eye lens 
251 in the third ernbodiment, are formed so that their 
apex angles 6 are equal to each other. Then, as illus- 
trated in FIG. 16E, these lens elements A1 - A4 are inte- 
grated along the surface (the XY plane m the Figure) 

50 perpendicijiar to the optical a.Kis so that angles rnade by 
the azimuth straight lines thereof are each 90 degrees. 
In the third embodiment, a group of the four iens ele- 
ments A1 - A4 thus integrated is referred to as a lens 
element group GA (a group of the unit optical systems 

55 plus the auxiliary optica! members). As illust.'ated in 
FiG. 16F, the first fiy's eye lens 251 is constructed in 
such a way that a plurality of lens element groups GA 
are arrayed along the surface (the XY plane in the Fig- 
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lire) perpendiciilar to the optical axis. 
[0148] The radiation bearris exiting Ihe first fly's eye 
iens 251 in the third embodiment are deflected irs their 
optical paths by the exit surfaces, inclined to the optical 
axis, of the iens elements A1 - A4, and thereafter the 5 
four areas A - D on the incident surface of the second 
fiy's eye iens 7 are, as shown in FiG. 16G. iilijminated 
with these deflected radiation beams via the relay opti- 
cal system 6. 

[0149] In the third embodiment, the apex angles 0 io 
of the iens elements A1 - A4 constituting the first fly's 
eye iens 251 are all the same, and besides the angles 
made by ihe azimuth straight lines L are each 90 
degrees (an azimuth angle a is + 45 degrees, + 1 35 
degrees). Hence, the radiation beam incident along a 15 
central axi.s (an optical axis of the lens element) con- 
necting the center of an incidence-side clear aperture 
diameter of the lens element to the center of an exit-side 
clear aperture diameter thereof, exits with an inclination, 
to this central axis of the iens element, by the deviation 20 
angle S corresponding to the apex angle d in a direction 
corresponding to the azimuth angle a. it therefore fol- 
lows that not a cenlral part but the areas A ~ □ In four 
positions shifted sideways by a quantity corresponding 
to the ■defiec:tion angk: 6 and ttie azimuth angle a {.+ 45 25 
degrees, + 1 35 degrees) on ihe incident surface of the 
seconci fly's eye lens, are illuminated with the radiation 
beams traveling through the lens elements. 
[01 SO] The area A is illuminated with the radiation 
beams via the plurality of lens elements A1 In the way of 30 
being overlapped with each other. The area B Is illumi- 
nated with the radiation beams via the plurality of lens 
elements A2 in the way of being overlapped with each 
other. The area C is illuminated with the radiation 
beams via the plurality of lens elements A3 in the way 3s 
of-being overlapped with each other. The area D is illu- 
minated with ihe radiation beams via She pl^jralitj/of lens 
elements A4 in the way of being overlapped with each 
other. Thus, it is feasible io maintain the characteristic of 
the double fly's eye lens sysiem, the radiation beams 40 
with a divided wavefront ar«i ov«irlapped with each other 
on the incident surface of ihe second fly's eye lens. 
[0151] Herein, if a stop 281 having four rectangular 
apertures as shown in FIG, 15B is disposed on ihe exit 
surface of the second fly's eye iens, it is obvloi.is that the 4S 
loss of the radiation quajitity i!i ttie case of using the first 
fly's eye lens 251 is smaller than by using the first fly's 
eye lens 254 equivalent to the conventional one. 
[0152] Note that the lens element groups GA each 
taking the sarne rectangular shape are repeatedly so 
arranged In the example shown In FtGS. 16A - 16G. 
however, the four lens elements within each lens ele- 
ment group GA may be arranged in any forms, if the 
lens elements constituting the second fly's eye lens 7 
have a large atjerration, however, it is desirable that the 55 
Image of the first fly's eye lens that is formed on the exit 
surfaces of the lens elements of the second fly's eye 
lens 7, be symmetric In rotation to the greatest possible 



degree In order to reduce an influence of ihe aberration. 
For attaining this, it is preferable that an spatial distribu- 
tion in which the lens elements occupy the positions on 
the first fly's eye lens 251, be symmetric in rotation 
about the types A1 , A2, A3, A4 of ail the lens elements. 
[OlSSj Next, the first fiy's eye iens 252 provided on 
the revolver 108 shown In FIG. ISA will be described. 
The first fly's eye lens 262 has such a configuration thai 
the first fly's eye lens configured as what the wavefront 
division type optical integrator and the radiation deflec- 
fion member are made integral, is constructed of a plu- 
rality of auxiliary optical member groups each consisting 
of (4 X n) pieces of iens elements (the unit optical sys- 
tems plus the auxiliary optical members), the plurality of 
auxiliary optical member groups include first and sec- 
ond auxiliary optical member groups, and angles macie 
by the azimuth straight lines of the first and second aux- 
iliary optical members are set different therebetween. 
[0154] IMameiy, the first fiy's eye lens 252 has a first 
lens element group GA shovvn in FIGS. 17A - 17E, and 
a second lens element group G8 composed of four 
pieces of lens elements B1 - B4 shown in FiGS. 1 7F - 
171. Herein, the first lens element group GA has the 
same configuration as the lens element GA shovvn in 
FIGS. 16A - 16E. Then, the second leris element group 
Is constructed of four pieces of lens elements 81 - 84 in 
which the apex angles 9 are equal to each other, and 
the angles made by the azimuth straight lines L are 
each 90 degrees. At this time, as shown in FIG. 1 7J, the 
azimuth angles a of the azimuth straight lines of the lens 
elements B1 - B4 are 0 degree, + 90 degrees and 1 80 
degrees. 

[0155] Then, as illustrated in FIG. 17K, the first lens 
element group GA constructed of the iens elements A1 
- A4 and the second lens element group GB constructed 
of the lens elernenls B1 ■ B4, are disposed in a check- 
ered pattern within the plane {the XY plane in the Fig- 
ure) perpendicular io the optical axis. To be specific, the 
first fly's eye iens 252 is constructed so that an angle 
made by a group of the azimuth straight lines of the four 
lens eiernerils Ai ■• A4 in the first lens element group GA 
and by a group of the azimuth straight lines of the four 
lens elements B1 - B4 in the second lens element group 
GS, is 45 degrees. 

[0156] Eight pieces of areas A - i on the incident 
surface of the second fiy's eye lens 7 are, as indicated 
by hatching in FiG. 17L, Illuminated with ihe radiation 
beams penetrating the first fly's eye lens 252 having the 
eight azimuth angles (a =0 degree, + 45 degrees, + 90 
degrees, ,+ 135 degrees, 180 degrees) shown in FiG. 
17K. 

[0157] Herein, the radiation beams exiling the 
respective lens elements AI In the first lens element 
group GA are overlapped by the relay iens 6 and arrive 
at ihe area A In the Illumination region shown in FIG. 
17L. The radiation beams exiting the respective lens 
elements A2 in the first lens element group GA are over- 
lapped by the relay iens 6 and arnve at the area B. The 
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radiation beams exiting the respective lens elements A3 
in the first iens eiement group GA are overlapped by the 
relay lens 6 and arrive at the area C, The radiation 
beams exiting the respective iens elements A4 in the 
first lens element group GA are overlapped by the relay 
lens 6 and arrive at the area D. Further, the radiation 
beams exiting the respective lens elements B1 in the 
second iens element group GB are overlapped tiy the 
relay lens 6 and arrive at the area F. The radiation 
beams exiting the respective lens elements B2 in the 
second lens element group GB are overlapped by the 
relay iens 6 and arrive at the area G, The radiation 
beams exiting the respective lens elements B3 in the 
second lens element group GB are overlapped by the 
relay lens 6 and arnve at the area H. The radiation 
beams exiting the respective lens elements B4 in the 
second iens element group GB are overlapped by the 
relay lens 6 and arrive at the area !. As obvious from 
FIG. 17L, illumination area formed of the whole of these 
areas A - 1 takes substantially an annular shape. 
[0158] Herein, when an aperture slop 282 having 
the annular shaped apertures as shown in FiG. 15B is 
disposed on the exit surface of the second fly's eye lens, 
it is possible to illuminate at by far a higher efficiency 
(vvith-almost no loss of the radiation quantity) by use of 
the first fly's eye lens 252 than by using the first fly's eye 
lens equivalent to the conventional one. Note that the 
first and secorKj lens eleinent groups are arrayed alter- 
nately in the checkered pattern In the third embodiment 
and may also be an'ayed in any patterns as explained in 
the first embodiment. 

[01 59] It is to be noted that the apex angles; 9 of ttie 
four iens elements .A1 - A4 {B1 - B4) constituting the 
lens element group GA (GB) in the first fly's eye lenses 
251 , 252, however, the present invention is not limited to 
this mode. The number of the iens elements may be 4n 
{where n is a positive Integer) such as 8 or 12. in such a 
case, an angle made by the azimuth straight line L of 
each of the 4!"; lens elements is 360/4n degrees. 
[Q'160] The apex angles 9 of four iens elements A1- 
.A4 (81 -84) constiiuting each lens element group GA 
(GB) are the same, but those apex angles may not be 
the same. !f the apex angles 9 of the lens elements A1 - 
A4 of the iens element group GA (GB) are differenti- 
ated, the deviation angles 8 of the radiation beams exit- 
ing the lens elements Ai - A4 (81 - 84) i)6corrie 
different, with the result that the image of the first fly's 
eye lens shifts per iens element on the incident surface 
of the second fly's eye lens 7. It >s therefore feasible to 
reduce an Influence by cieterioration in contrast that 
occurs at an edge of the aperture stop on the exit side 
of the second fly's eye lens 7, i.e., by fluctuations in the 
Gonfigunations of the secondary radiation sources. 
[0161] Furthermore, in the second fly's eye tens 
252 described atjove, the illuminalion efficiency can be 
more enhanced by differentiating an areal size of the 
illumination areas A ■• D (the a^.irnuth angle a is + 45 
degrees, + 135 degrees) through the first lens element 



group GA from an areal size of the illumination areas F 
- 1 (the azimuth angle a Is 0 degree, ± 45 degrees and 
90 degrees) through the second iens element group 
GB. 

5 [01623 Moreover, in the second fly's eye lens 252, 
the focal lengths of the iens elements AI - A4 of the first 
lens element group GA and the focal lengths of the lens 
elements 81 - 84 of the first lens element group GB, are 
not limited to the same foral length. Herein, for prfscisely 

10 Illuminating a desired illumination area with the radiation 
arid increasirig ttie illumination efficiency, the focal 
lengths of the lens elements AI - A4 and B1 - B4 may 
be arbitrarily set. 

[0163] Further, In the second fly's eye lens 252, the 

IS apex angles 8 of the lens elements .A1 - A4 of the first 
lens element group G.A and (he apex angles 9 of the 
lens elements B1 - B4 of the first lens element group 
GB, are not limited to the same apex angle. Herein, for 
preventing the decline in the contrast due to the ununi- 

20 formlty in the iiiiiminarice ihat occurs at the edge of the 
aperture stop, ttie apex angles of the iens elements A1 
- A4 and B1 - B4 may be arbitrarily set. 
[0164] The first and second fly's eye lenses 251, 
252 include the plurality of iens elements in which the 

25 azimuth angles of the azimulh straight lines are the 
same, however, the focal lengths of the plurality of lens 
elements having the same azimuth angles are not nec- 
essariiy the same {the areal sizes of the illumination 
areas through the iens elements having the same azi- 

30 muth angles are not necessarily equal to each other). 
For instance, in the first fiy's eye lens 251, if the foal 
lengths of the plurality of iens siements A1 having the 
same azimuth angle are set different from each other, it 
follows that the areas A having different areal sizes are 

35 overlapped on the second fly's eye lens 7. As a result, 
the radiation inlensity disiritriition in the area A can be 
set to a desired distribution. 

[0165] Now, the first fly's eye lens 253 has substan- 
tially the same configuration as the first fly's eye iens 

40 described above, and the apex angle 9 of the lens ele- 
ment and ttie focal length of the lens eiement itself are 
optimized so thai the illumination radiation bea,ms can 
be guided with no loss of the radiation quantity to the 
apertures of the aperture stop 283, which are somewhat 

45 different in configuration from those of the aperture stop 
281. 

[0166] Next, one example of correspondence rela- 
tions between the first fly's eye lenses 251 - 256 and the 

aperture stops 281 - 286 will be explained. VA'hen the 
50 aperture stop 281 including quadrupolar (4-apertur6) 
radiation transmitting areas (the radiation shielding area 
is indicated by hatching in the Figure) is .selected as an 
aperture stop, the first fiy's eye iens 251 is selected. 
When the apertui'e stop 282 including an annular 
55 shaped radiation transmitting area is selected as an 
aperture stop, the first fly's eye lens 252 is selected. 
Then, when the aperture stop 283 taking a quadrupolar 
(4-aperture) shape different from the aperture stop 282 
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is seiected as an apertiire stop, the first fly's eye lens 

253 is selected. 

[0167] Further, when ihe aperture stop 284 having 
a small diameter (which may be referred to as a small g 
illumination-oriented aperture stop) is selected as an s 
aperture stop, the first fly's eye lens 254 having a large 
focai ierxjlh is seiecleci. When the aperture stop 285 
havifig an intermediate diameter (which may be referred 
to as an intermediate <y iiiismination-oriented aperture 
stop) is selected as an aperture stop, the first fly's eye io 
lens 255 having an intermediate focal length is selected. 
When the aperture stop 286 having a large diameter 
(which may be referred to as a large a illumination-ori- 
ented aperture stop) is selected as an aperture stop, the 
first fly's eye iens 256 having a short focal length that is « 
the same as ihe coriveriiioriai one is seiecled. in the 
third embodiment also, the unillustrated main control 
unit controls the drive units so as to have the corre- 
spondence relations given above. The optimal illumina- 
tion corresponding to the type of the reticle can be 20 
IhereiDy atlsained in a state of minimizing the loss of 
quantity of the illumination radiation, and both of the res- 
olution and the throughput can be enhanced at the 
same time. 

25 

(Fourth Embodiment) 

[0168] Further, what has been used as the lirst fiy's 
eye lens in the first to third embodiments includes the 
eccentric iens elements, i.e., the first fly's eye lens used 30 
therein is obtained by uniting ihe wavefront division type 
optical integrator with Ihe radiation deflection member, 
■fhe first fly's eye lens serving as the wavefront division 
type optical integrator and the radiation deflection mem- 
ber may also be composed of different members. 3s 
[0169] A fourth embodiment in which the wavefront 
division type optical integrator and the radiation defiec- 
tion member are composed of different members, will 
hereinafter be described with reference to FiGS. 18A 
and 18B. Note that a construction of the projection 40 
exposure apparatus In the fourth emt5odimenE shown in 
FIG. 18A is almost the same as the projection exposure 
apparatus in the first embodiment shown in FiG. 1 other 
than a configuration of the first fly's eye lejis, and there- 
fore its repetitive explanation is omitted. Further, the 45 
same components as those of ihe apparattis illustrated 
in FIG. 1 are marked Vidth the same numerals. 
[0170] Referring fo FIG. 18A, a first fiy's eye lens 
351 equivalent to the conventional fly's eye lens is held 
integrally with a deflection prism RP by a holding niern- so 
ber HfV!. In an example shown in F!G. 18A, a pitch 
(which implies a diameter-directional size of each of the 
prism elements constituting the deflection prism RP) of 
the deflection prism RP, is different from a pitch (which 
implies a diameter-directional size of each of iens eie- 55 
ments constituting the first fly's eye lens 351 ) of the first 
fiy's eye lens 351. in this con.strucEion also, it is possible 
to attain the illumination under the radiation intensity 



distribution localized on the Incident surface of the sec- 
ond fly's eye lens 7 by deflecting action of the deflection 
prism RP, Note that the pitch of the deflection prism RP 
may be, as shown in FIG. 18B, set equal to the pitch of 
the first fiy's eye lens 351 . 

[0171] Further, the first fly's eye lens 351 is not nec- 
essarily set integral with the deflection prism RP. For 
example, this geometry may be adopted, wherein the 
first fiy's sye lens 351 is fixed to the optical axis of the 
Illumination optical system, and the deflection prism RP 
is so ciisposeci as to be insertable in the optical path 
between the first fly's eye lens 351 and the relay optical 
system. Furthermore, the deflection prism is not con- 
fined to one type, and plural types of deflection prisms 
may also be so disposed as to be insertabie In the opti- 
cal path described above in order to obtain an optimal 
state corresponding to a plurality of shapes of the aper- 
tur«i,s of the aperture stop. Moreover, in this construc- 
tion, the plurality of first fly's eye lenses with their focai 
lengths different from each other are provided In an 
exchangeable manner without fixing the first fly's eye 
lens 351 within the optical path, and the plural types of 
deflection prisms may be provided in the exchangeable 
way. 

(Fifth Embodiment) 

[0172] Next, a fifth embodiment in which the wave- 
front division type optical integrator and the radiation 
deflection member are composed of different members, 
will hereinafter be described with reference to FIGS. 19 
through 26C. Note that a construction of the projection 
exposure apparatus in the fifth embodiment shown in 
FIG. 19 is almost ttie same as the projection exposure 
apparatus in the first embodiment shown in FIG. 1 , and 
ttierefore the repetitive explanation of the construction 
of he whole apparatus is omitted. Further, the same 
components shown in FIG 19 as those of the apparatus 
in FiG, 1 are marked with the same numerals, 
[01 73] Differences of the projection exposure appa- 
ratus in the fifth embodiment Illustrated in FIG, 19 from 
the projection exposure apparatus in FIG. 1 , are config- 
urations of the first fiy's eye lens and of the aperture 
stop. 

[0174] FIG. 20A is a view showing a structure of the 
revolver 105 provided with a plurality of first fly's eye 
lenses 451 -456 in the projection exposure apparatus in 
the fifth embodiment. FIG. 20B is a view showing a 
structure of the revolver 108 provided with aperture 
stops 481 -486. 

[0175] in the fifth embodiment, as shown in FIG. 
20A, the plurality of firs! fiy's eye ienses 45 1 - 456 are fit- 
ted onto the revolver 105, and one of the plurality of first 
fly's eye ienses 451 - 456 can be selectively positioned 
within the optical path of the iiiurnination apparatus. 
Note that the plurality of first fiy's eye lenses 451 - 456 
are structured so that the illumination areas on the inci- 
dent surface of the second fly's eye lens 7 are different 
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froiY! each other. 
[0176] Further, as showrs irs FiG. 20B, the piuraliEy 
of aperture slops 481 - 486 provicied on the revolver 1 08 
are structured so that the aperture configurations 
thereof are different from each other. The aperture 
stops 481 - 486 are provided on the revolver 108 so that 
one of the piuraiity of aperture stops 481 ■ 486 can be 
selectivefy positioned within the optical path of the opti- 
cal system, in accordance with the fif^h embodiment, 
these revolvers 105, 108 are, as in the first embodiment, 
rotationaiiy driven by the drive units controlled by the 
main control unit of the projection exposure apparatus. 
One of the plurality of aperture stops 481 - 486 and one 
of the plurality of first fly's eye lenses 461 - 456 are 
thereby positioned within the optical path of the illumina- 
tion apparatus, corresponding to the illumination condi- 
tions required. 

[0177] Next, the first fly's eye lenses 451 - 456 will 
respectively explained. !t Is to be noted that the first fly's 
eye lenses 454 - 456 are equivalent to the conventional 
fly's eye lenses. The first fly's eye lens 454 is equivalent 
to the first fly's eye lens 51 in the first embodiment. The 
first fly's eye lens 455 is equivalent to the first fly's eye 
lens 53 In the first embodiment. The first fly's eye lens 
456 is equivalent to the first fly's eye lens 52 in the first 
embodiment. 

[0178] FiGS. 21 A - 21 C are views showing the first 
fly's eye lens 451 and an optical member OMA as a 
radiation deflection member. As shown in FIG. 21A, the 
first fly's eye lens 451 is configured such that a plurality 
of lens elements EL are integrated In the two-dimen- 
sional matrix on the XY plane, and a pluralily of opiicai 
members each taking such a shape as to have at least 
partially a conical shape are disposed on the exit sides 
{on the mask-side) of the lens elements EL, corre- 
sponding to the plurality of lens elements EL. FIGS, 2 1 B 
and 21 C are views each showing a iayoui relation 
between tne lens element EL and the optical member 
OMA, focusing on one of the plurality of lens elements 
EL. 

[0179] Referring to FIGS. 21 B and 21 C, a direcfion 
of the optical axis AXE of the lens element EL Is set as 
a Z-axIs, there are given a center O of a circular bottom 

surface of the conical shaped optical member OMA and 
an apex P thereof, and a straight line connecting the 
apex P to the center O is set as a central axis CL. 
Herein, the central axis CL is coincident with the optica! 
axis AXE. 

A plane {YZ plane) when the conical shaped optical 
member OMA is cut perpendicularly to the central axis 
CL, takes the same configuration as the optical prism, 
and hence the same refractive action as the optica! 
phsm occurs. Therefore, when the parallel radiation 
beams are, when incident, refracted as shown in FSG. 
22A, and a central area on an in'adiation surface IP is 
not illuminated with the radiation. The same refractive 
action occurs in ail the optical mernbers OMA, and 
therefore, when the irradiation surface IP is rotated 



about the central axis CL {the optical axis AXE), the 
radiation beams exiting the conical shaped optical 
member OfvIA fal! on the irradiation surface as an annu- 
lar shaped illumination as shown by hatching in FiG. 
5 228. 

[0180] In the fifth embodiment, the conical shaped 
opiicai iTieiriber OMA is disposed on the exit side of one 
single lens element EL of the lens elements constituting 
the first fly's eye lens 451 , so that the radiation beams 

10 exiting the single iens element EL travel along an optical 
palh showr; in FiG, 220, and the area on the incident 
surface of the second fly's eye lens 7 Is illuminated with 
the radiation beams forming the annular shape. Then, in 
accordance with the fifth embodiment, the conica! 

15 shaped optical member OMA is disposed on the exit 
side of the lens element EL, corresponding to each of 
the lens elements EL of the first fly's eye lens 451 , and 
consequently the radiation bean-is from the respective 
optical members OMA are overlapped on the incident 

20 surface of the second fiy's eye lens 7, with the result thai 
the annular shaped area shown by hatching in FIG. 22D 
is illuminated with these radiation beams, it is therefore 
feasible to execute the illumination through ihe annular 
shaped stop 481 including the annular shaped radiation 

25 transmitting porti{)n with a much smaller loss of the radi- 
ation quantity than in the conventional fly's eye iens. 
[0181] in the first fly's eye lens 451 described 
above, there has been explained the case where the 
piuraiity of opiicai members OMA each having the same 

30 apex angle 0, and it is possible to prevent a decrease In 
marginal radiation quantity on the incident surface of the 
second fly's eye iens 7 by making different the apex 
angles B of ihe conica! shaped optical mernbers OM.A. 
For instance, there is presumed a case where two types 

35 of optica! members, i.e., optical members 0MA1 each 
havirig an apex angle 9 1 arid optical member 0MA2 
each having an apex angle e 2 dliferent from 9 1, are 
properly disposed. A hatching area In FIG. 23A is an 
illumination area on the incident surface of the second 

40 fly's eye iens 7. Then, FiGS. 23B - 23E show illumina- 
tion radiation intensity distributions at portions, cut by 
the line A-A, the positions are given on the axis-of- 
abscissa X, and the intensities of the illumination radia- 
tion are given on the axis-of-ordinates I. The illumination 

45 radiation beam penetrating the optica! member OMAI 
having the apex angle 0 1 and Is then refracted, has the 
radiation intensity distribution shown in FiG. 23B. By 
contrast, the iilumination radiation beam penetrating the 
optical member OrviA2 having the apex angle 0 2 and is 

50 then refracted, has the radiation intensity distribution 
shown in FiG. 23C, of which a peak shifts as compared 
with FiG. 23B. Then, FIG. 23D shows what these two 
intensity distributions are overlapped with each other. 
When finally synthesizing these two intensity distribu- 

55 tions, as shown in FiG. 23E, it is possible to obtain a uni- 
form intensity distribution in which the illuminance does 
not abruptly decline at the periphery of the annular 
shaped illumination area. Further, even when using the 
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plurality of optica! members OMA having the same apex 

angles 0, the uniform intensiiy distribution can be 
obtained by shifting or tilting the optical rrsernber OMA 
with respect to the optical axis of each lens element. 
Further, even when using the optical members OMA 5 
having the apex angle G, the same effect as the case of 
using the optical members OMAI , 0MA2 having the dif- 
ferent apex angles 0 can be acquired tjy dilferenilating 
the focal lengths of the lens elements EL of the first fiy's 
eye lens 451, and the decline In the marginal radiation 
quantity can also be prevented. 

[0182] FIGS. 24A -24C are views showing configu- 
raiiorss of the first fly's eye lens 452 and of an optical 
member 0MB as the deflection member. .As shown in 
FIG. 24A, the first fly's eye iens 452 is constructed such 15 
that the plurality of ien.s elements EL are irilegraied in 
the two-dimensional matrix on the XY plane, and a plu- 
rality of optical members each takirsg such a shape as to 
have at least partiaiiy a quadrangle cone are disposed 
on the exit sides (on the mask-side) of the lens ele- xo 
ments EL, corresponding to the plurality of iens ele- 
ments EL. FiGS, 24B and 24C are views each showing 
a layout relation between the lens element EL and the 
optical member 0MB, focusing on one of the pliirality of 
lens elements EL, S5 
[0183] FiG. 24D is a view showing an illumination 
area on the incident surface of the second fly's eye lens 
7. The radiation beams penetrating the quadrangle 
cone shaped optical member 0MB fall on an area on 
the incident surface of the second fly's eye lens 7 so as 30 
to form a shape shown by hatching In FiG. 24D by the 
refractive action of the optical mernber 0M3 as an opti- 
cal pnsm as m the first embodiment, .Accordingly, the 
illumination can be effected at a high efficiency in the 
case of selecting an aperture stop 482 assuming a 3s 
deformed annular shape shown in FIG. 20B. 
[0184] The discussion on the first fly's eye lens 452 
is made with respect to the case where the straight line 
connecting the apex P of the quadrangle cone shaped 
optical member 0MB to the center O of the bottom sur- 40 
face is set as the central axis CL, f, i;; an angle {of a pyr- 
amid) made by the central axis CL and by a surface 
having power (refracting power), and the plurality of 
optical members OMB having the same apex angle ^ 
are disposed. It is, however, possible to prevent the 45 
decline in the marginal radiation quantity on the incident 
surface of the second fly's eye lens 7 and obtain the illu- 
mination radiation exhibiting the uniform intensity distri- 
bution as in the case of the conical shaped optical 
members having the different apex angles e by making so 
the apex angles £, of the pyramids of the optical mem- 
bers OMB from each other. 

[0185] Further, the same effect as the effect when 
the angle 6 is changed can be also obtained by dlfferen- 
liating the focal lengths of the lens elements EL of the 55 
first fly's eye lens 452 from each other. Moreover, the 

illuminance efficiency for the deformeci annular shafjeci 
stop can be Increased by making the angle t, different 



with respect to each of the surfaces of the quadrangle 
cone. .As a matter of course, the configuration of the 
optical member OMB Is not limited lo the quadrangle 
cone and may be a polygonal shape having n-angies {n 
is an integer of 5 or larger). The polygonal cone shaped 
optical member exhibits the same refractive action as 
that of the conical shaped optical member, and is capa- 
ble of performing the illumination assuming a sharper 
annular configuration as the numerical value of n 
increases. Further, the layout is that the exit-surface- 
sided square portion of the lens element EL is aligned 
with the square portion of the bottom surface of the 
quadrangle cone shaped optical member OMB. The lay- 
out is not, however, limited to this and may include, for 
example, such a geometry that the optical member 
OMB is disposed in a state of being rotated through 
approximately 45 degrees about the optica! axis AXE. 
[0186] Now, In the fifth embodiment, the inclined 
surface in the YZ -section of the conical shaped optical 
member OMA (0MA1 , 0MA2) appears lo be a straight 
line as shown in FiG. 210, however, the surface having 
the power {refracting power) of the conical shaped opti- 
cal member OMA (OMAl 0MA2) may also be formed 
as a curved surface. In this case, there is an advantage 
lhat Ihere can t)e atlained the illumination with an 
extremely small loss of the radiation quantity with 
respect to the deformed annular stop. 
[0187] Further, in the fifth embodiment, the angular 
cone shaped inclined surface is, as shown in FIG. 24A, 
a flat surface. As Illustrated in FiG. 25B, however, the 
surface having the refracting power of the angular cone 
shaped optica! member is formed as the curved surface, 
whereby there can be attained !he illumination with an 
extremely small loss of the radiation quantity with 
respect to the deformed annular aperture stop. 
[0188] Moreover, the fifth embodiment uses the 
optical member taking the cone shape (the conical 
shape, the polygonal cone shape) as a whole. For 
example, as shown In 250 and 25D, however, there may 
also be used an optical member assuming a configura- 
tion, a part of which takes a cone shape (the conical 
shape, the polygonal cone shape), in this case, an area 
containing the optical axis on the incident surface of the 
second fly's eye lens 7 can be illuminated with the radi- 
ation beams. .As a result, it is feasible to carry out the 
i:lumin<3tions such as an annular illumination having the 
radiation Intensity in the area containing the optical axis 
on a pupi! surface and on a surface conjugate with the 
pupil surface, a quadrupolar (4-apeture) illumination, 
and an 8-pole {8-apeture) illumination. Note that an opti- 
cal member CMC shown in FIG. 250 takes a configura- 
llon in which an apex portion of the conical shape is cut 
off. A cut surface thereof is a flat surface but is not iim- 
ited to the flat surface, and may also be a curved sur- 
face. Further, an optical memt)er OMD shown in FIG. 
25D assumes a configuration in which an apex portion 
of the angular cone is cut off. A cut surface thereof is a 
flat surface but is not limited to the flat surface, and may 
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also be a curved surface. 

[0189] Moreover, the fifth embociiment has given 
the discusslor, on the case where the optical rneinber 
OMA (OMB) including at least partially the cone shape 
{the conical shape, the polygonal cone shape), is dis- 5 
posed on the exit side {on the side of the mask 1 3) of 
the first fiy's eye iens 451 or 452. The disposition of Ihe 
opiicai mennber is not, however, confined to this posi- 
tion. The optical member OMA (OMB) may be disposed 
Of! the side of the radiation source 1 from the first fiy's io 
eye iens 451 (452). Moreover, FIGS. 21 A arid 24A show 
the example of the iayout, wherein the bottom surface of 
the optical member OM etc faces to the exit surface of 
the first fiy's eye lens 451 {452). The present invention is 
not, however, limited to this layout and may embrace a is 
layout in which the bottom surface of the optical mem- 
ber OM etc faces to the apex O of the first fiy's eye lens 
451 etc. 

[0190] Further, in the fit^h embodiment, the first fiy's 
eye lens 451 (452) and the opiicai member OMA (OMB) 20 
are disposed spatially apart from each other, however, it 
is desirable that these two members be integrally 
formed. Note that this integral formaiior! implies that the 
lens element EL is closely fitted io the optical member 
OMA (OMB), and is a concept embracing, e.g., cement- 25 
ing the lens element to ihe optical member by use of a 
banding agent, clo.seiy fitting them to each other, and 
forming the lens element and the optical member by use 
of one member, and so on. Thus, the integral formation 
enables an error occurred in manufacturing to 30 
decrease. Then, since the two members are Integral, 
there is an advantage that the predeterrrsined illumina- 
tion area is always precisely illuminated with the radia- 
tion beams. 

[01S1] Further, the first fiy's eye lens 451 (452) and 35 

the optic;?! member OMA (OMB) are integrally held on 
the revolver 105, arid hence there is no necessity of 
aligning the first fiy's eye lens and ihe optical member 
with each other when the first fly's eye lens 451 (452) 
and the optical member OMA (OMB) are selected out of 40 
the plurality of first fly's eye ienses and ttie pluraiily of 
optical members. Then, as in the case described above, 
because of the two members being integral, there is the 
advantage thai the predetermined illumination area is 
always precisely illuminated with the radiation beams. ','5 
[0192] Further, in accordance with the fifth embodi- 
ment, as shown in FIGS. 26A - 26C, the first fiy's eye 
lens serving as the wavefronl division type optica! inte- 
grator and the optical member OMA (OMB) as the radi- 
ation deflection member, rnay ,also be pravld€:d on the so 
separate revolvers. In this case, as shown in FiG. 26A, 
a plurality of fiy's eye lenses 454 - 456 having focal 
lengths different firom each other are provided on a 
revolver 105A. Then, as illustrated in FiG. 26B, a 
revolver 1058 is formed with an aperture AP and pro- 55 
vided with the optical member OMA and the optica! 
member OMB. These revolvers 105A, 105B are dis- 
posed adjacent to each other as shown in FIG. 26C. 



Then, one of the plurality of first fly's eye lenses 454 - 
456, the aperture AP, and one of the opiicai members 
OMA, OMB are positioned within the optical path of the 
iiiumination apparatus. Accordingly, on ihe occasion of 
the normal illumination, one of the plurality of first fly's 
eye lenses 454 - 456 and the aperture AP are posi- 
tioned within the optical path. In the case of the modified 
iijumination (ihe annular illumination, the multipolar illu- 
mination etc.), one of ihe plurality of first fly's eye ienses 
454 - 456 and one of the optical members 0IV1A, OMB 
are positioned within the optical path, in this case, a size 
of the annular shaped or muiti-poie shaped illumination 
area formed on the second fiy's eye iens 7 can be made 
variable by change in focusing length caused by 
exchanging the first fly's eye ienses 454 - 456. 
[0193] Further, there may be taken a construction in 
which the first fiy's eye lens is fixedly disposed within the 
optical path, and the optica! members are switched 
over, in this case, the revolver 105B shown in FiG. 266 
may be disposed adjacent to the first fiy's eye lens fix- 
edly disposed m the optical path of ihe illu.mination 
apparatus. At this time, if a zoom lens is used as a relay 
optica! system ciisposed between the first and second 
fly's eye ienses, ihe size of the annular shaped or multi- 
pole stiaped illurninalion area formed on the second 
fly's eye lens 7 can be made variable. 
[0194] Furthermore, coating is applied on the inci- 
deni surface and the exit surface of the optical member 
taking the cone shape (the conical shape, the polygonal 
cone shape), whereby a reflection by the conical optica! 
member can be prevented. 

[0195] Further, in the fifth embodiment, one single 

opiical member OMA (OMB) is disposed corresponding 
to one single lens element EL (which may be called a 
one-to-one correspondence layout), however, a plurality 
of optica! memtjer.s n-iay also i:;e providsci corresponciing 
to one iens element (which may be called a one-to~muiii 
correspondence layout). 

[0196] The optical member OiVIA (OfviB) taking the 
cone shape (the conical shape, the polygonal cone 
shape) of which ihe seclion is convex, is used in the fifth 
embodiment, however, the same iiiumination effect can 
be obtained by using the optical member OMA (OMB) 
tal<!ng a cone shape (a hollowed cone or a hollowed 
angular cone formed by hollowing, in a conical shape or 
polygonal cone shape, a circular or polygonal cyiindrica! 
optical member) having a hollowed section. 
[0197] Furthermore, the plurality of optica! mem- 
bers of which the section assume ihe solid cone shape 
and she plurality of optical members of which the seclion 
takes the hollowed cone shape, are disposed corre- 
sponding to the lens elements of the first fly's eye lens. 
When at least one group of the optica! members are 
moved, the annular shaped illumination area on ihe inci- 
dent surface of ihe second fly's eye lens can be 
changed. 

[0198] Moreover, the relay lens system is corn- 
posed of the zoom optical system, whereby the area 
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can be illuminated with the radiation beams in the annu- 
lar shape or the muiti-poie shape having an arbitrary 

size, 

(Sixth Embodiment) 5 

[0199] In Ihe first through fifth sfrsbodiments dis- 
cussed above, the fly's eye lenses constructed by Inte- 
grating the plurality of optical elements are applied as 
the first and second optical Integrators, however, the io 
present invention is not limiied to the fly's eye lenses. 
[02G0] An example where the siariie firsS fly's eye 
lens as those in the embodiments discussed above is 
used, and a rod type integrator having an internal refiec- 
tion surface extending in the optical-axis direction is dis- 15 
posed as the secorid fly's eye lens, will hereinafter be 
explained by way of a sixth embodiment. Herein, FIG. 
27 is a view showing the principal components of the 
projection exposure apparatus In the sixth embodiment. 
Note that the construction of the projection exposure 20 
apparatus in the sixth embodiment shown in FiG. 27 is 
substantially the same as the projection exposure appa- 
ratus in the first ernbodiinent shown in FIG. 1 , except for 
a layout from ihe first fly's eye lens down to the reticle 
serving as a surface to be illuminated, and !h«:r«:fore its 25 
repetitive explanation of the construction of the whole 
projection exposure apparatus is omitted. Further, the 
same componenis as those of the apparatus In FiG. 1 
are marked with the same numerals. 
[0201 ] Referring to FiG. 27, the first fly's eye lens 55 30 
is the same as the lens 55 in the first embodiment dis- 
cussed above, and a planar radiation source (a second- 
ary radiation soLirce) consisting of a plurality of 
iliuminani images is formed on a surface P1 on the exit 
side thereof. The relay optical system 106 and a rod 3s 
type integrator 107 are disposed on the exit side of the 
first fly's eye lens 55, the image of the planar radiation 
source (the secondary radiation source) formed by the 
first fly's eye lens 55, is formed through the relay optical 
system 106 on the incident surface of the rod type Inte- 40 
grator 107 or on 3 plane P2 positioned in the vicinity of 
this incident surface. Then, the radiation beams incident 
on the rod type integrator 107 are repeatedly reflected 
by the internal surface of the rod type integrator 107, 
and thereafter exit the exit surface thereof. At this time, 4S 
it follows that the exit surface of the rod type integrator 
107 is illuminated with the radiation beams in a state 
where the radiation beams from the planar radiation 
source in such a configuration that as if virtual images of 
the plurality of radiation sources expand in the position so 
of the surface f-^2. Namely, the rod type integrator as the 
second optical integrator forms the substantial planar 
radiation source on the plane P2. 
[0202] Then, a reticle blind 110 as a field stop for 
defining the illumination region on a surface (a surface 55 
04) of a reticle 1 3 as a surface to be illuminated, is dis- 
posed on the exit surface of the rod type integrator 107 
or in a position in the vicinity of this exit surface. An 



image of this reticle blind 110 is projected through a ret- 
icle blind image forming optical system 111 on the reti- 
cle 13, Herein, an illumination aperture stop 85 having 
apertures in a predetermined shape is disposed on a 
plane P3 inside the reticle blind image forming optical 
system 111. Refeiring to FiG. 27, a plane 01 on which 
the incident surface of the fly's eye lens 55 (51) is posi- 
tioned, a plane 02 in the relay optical system 6, a plane 
03 and a surface 04 (the reticle 13), are optically conju- 
gate with each other. Then, the planes P1, P2, P3 are 
conjugate with each other, and have a positional rela- 
tion conjugate with a pupil of the projection optical sys- 
tem 14. 

[0203] .As shown In FiG. 27, the first fly's eye lens 

55 having the same structure as in the first embodiment 
is disposed in the optical path, the incident surface of 
the rod type integrator 107 or the plane P2 (In the vicin- 
ity of this incident surface) is illuminated with the radia- 
tion beams in an oblique direction, which are deflected 
by the exi; surffjce of Ihe first fly's eye lens 55. Narnely, 
the middle-through radiation beams asrive at the plane 
P2. At this time, it is observed from the exit surface of 
the rod type integrator 107 that the virtual images of the 
radiation sources existing in concentration in a quadru- 
polar (4~3perture) sshape are formed on the plane P2. 
Then, since the planes P2, p3 are conjugate with each 
other, it follows that the planar radiation source consist- 
ing of real images of the radiation sources existing in 
concentration in the quadrupolar (4-ap6rture) shape, is 
formed on the plane P3. Accordingly, even when the ret- 
icle 13 is illuminated in the oblique direction with the 
radiation beams by use of the illumination aperture stop 
S5 having the quadrupolar (4-aperiure) shaped aper- 
tures, it is feasible to attain the illumination at a high effi- 
ciency with almost no loss of the radiation quantity. Note 
that the first tly's eye lens having the same structure as 
in ihe second through fourth embodiments discussed 
above, and what the optical member and the first fly's 
eye lens in the fifth embodiment are combined may also 
be used instead of the first fly's eye lens 55 in FiG. 27. 
Further, the zoom optical system may be used as the 
relay optical system 6. Moreover, an Integrator utilizing 
a total reflection by an internal surface of a glass rod 
composed of a materia! such as silica and fluorite, and 
an integrator of such a type that a reflection film is pro- 
vided on an internal surface of a hollowed cylindrical (a 
circular cylindrical or polygonal (preferably, quadrangle) 
cylindrical pipe may be applied as the rod type integra- 
tor 107. 

[0204] Note that the wavefront division type optical 
integrator and ihe radiation deflection member in the 
first to sixth embodiments discussed above, are not lim- 
ited to the combinations given In the respective embod- 
iments. For instance, there may be incorporated at least 
one of combinations, i.e., a coriibination of the revolver 
105 in the first embodiment with the first fly's eye lens 
and the radiation diffusion member in the second 
embodiment, a co.mbination of the first fly's eye lens in 
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the third embodiment with the first fly's eye lens and the 

defiection prism in the fourth embodimerit, and a combi- 
nation of the first fiy's eye lens asici the optical member 
In the fifth embodiment. 

[0205] Note that the illursiination apparatus or the 
exposure apparatus according to the present invention 
is assernbied by eiectricaiiy, rnechanically or optically 
connecting the respective eiements shown in the first 
through sixth embodiments discussed above. 
[0206] Next, one example of an operation when a 
predetermined circuit pattern is formed on a wafer by 
use of the projection exposure apparatus in the embod- 
iments discussed above, will be explained referring to a 
flowchart in FIG. 28. 

[0207] To start with, in step 101 in FIG, 28, a metal 
film is deposited on a l-lol wafer, in next step S102, a 
photo resist is applied on the metal film on the 1-lot 
wafer. Thereafter, in step 103, a pattern image on the 
reticle R Is sequentially transferred by exposure onto 
respective shot areas on the 1-lot wafer by use any one 
of the projection exposure apparatuses in the first to 
sixth embodiments. Thereafter, in step 104, the photo 
resist on the 1-iot wafer is developed. After the o'evelop- 
ment, in step 105, etching is effected on the 1-lot wafer, 
wherein the resist pattern serves as a mask. A circuit 
pattern corresponding to the pattern on the reticle R is 
formed on each of the shot areas on the wafer. Thereaf- 
ter, a circuit pattern on a higher layer is fonned, and .so 
on, thereby manufacturing a device such as a semicon- 
ductor device, etc. 

[0208] Now, In each of the embodiments discussed 
above, the fly's eye lens constructed by integrating the 
plurality of lens eiements is used as the wavefront divi- 
sion type optical iniegralor, how€iver, an integral mem- 
ber subjected to press-working to have the same whole 
configuration as the fiy's eye lens in each of the embod- 
iments described above, may also be used as the above 
fly's eye iens 

[0203] Moreover, in each of the embodiments 
described above, a one-dimensional (or iwo-dimen- 
sionai) oscillation mirror for preventing an occun^ence of 
speckles (interference fringes) on the surface of the ret- 
icle 1 3, may be dispo-ssd in the optical path between the 
wavefront division type optica! integrator and an auxil- 
iary opiicai integrator. 

[0210] Further, in the exarnpie where the wavefront 
division type optical Integrator is formed integrally with 
the radiation deflection member in the embodiment 
described above, the geometry >s that the exit surface of 
the plano-convex lens elen-sent is Inclined to the optical 
axis. The exit surface of this lens element :s not, how- 
ever, confined to the flat surface and may be a surface 
having a curvature as on a convex or concave surface. 
In this case, it is enough that an axis (\vhich connects a 
center of the curvature of the surface to a center of an 
effective area o the surface) of the surface having the 
curvature, is simply inclined to the optical axis. 
[021 1] Moreover, the lens element of the wavefront 



division type optical integrator is not limited to the lens 
element having a positive refracting power and may also 
be a iens element having a negative refracting power. 
[0212] Furthermore, in the examples given above, 

5 the radiation deflection member is provided correspond- 
ing to the wavefront division type optical integrator, how- 
ever, there may be taken such a construction that only 
the radiation deflection member is provided. In this 
case, the radiation deflection member wavefront-divides 

10 a beam of radiation incident on this radiation deflection 
member Into at ieast six beams of radiation, and it is 
prefe.rable that at ieast these six beams of radiation be 
deflected in directions different from each other. 
[0213] Now, the illumination radiation for the expo- 

15 sure In the embodiments discussed above may involve 
the use of ultraviolet rays having a wavelength of 1 00 
nm or larger, i.e., a g-line (having a wavelength of 436 
nm), an i~line (having a wavelength of 365 nm), and 
Deep Ultra Violet (DUV) radiation such as a KrF excimer 

20 laser tjeam (having a waveienglh of 248 nrn); and a 
Vacuum Ultra Violet (VUV) radiation such as an ArF 
excimer laser beam (having a wavelength of 193 nm) 
and an F2 laser beam (having a wavelength of 157 nm). 
In the exposure apparatus with the F2 laser used as a 

25 radiatiori source, it is ftreferabie Ihal a refiecticjn type 
optical system (a cataptric optical system) or catadiopt- 
ric optical system be adopted as the projection optical 
system, it is also preferable that aii the optical elements 
(lens elements) used for the illumination optical system 

30 and the projection optical system as well be composed 
of fluorite. Then, the air within the F2 laser radiation 
source, the illumination opiicai system and the projec- 
tion optica: system is replaced with helium gas, and 
spaces between the illumination opticai syste?n and the 

35 projection optical system and between the projedion 
optical system anci the wafer are filled with helium gas. 
Further, in the exposure apparatus using the F2 laser, 
there is used a reticle composed of any one of fluorite, 
synthetic silica doped with fluorine, magnesium fluoride 

40 and quartz crystal. 

[0214] It is lo be noted that higher harmonics of a 
solid-state laser such as a YAG laser having an oscilla- 
tion spectrum in any one of wavelengths, e.g., 248 nm, 
193 am and 157 nm, may be used instead of the beams 

45 of the excimer laser. There may also be used the higher 
harmonics obtained in such a way that single wave- 
length laser beams in an infrared region or visible region 
which are oscillated from a DFB semiconductor laser or 
a fiber laser, are aiTiplifled by a fiber amplifier doped 

50 with, e.g., eribium (or both of eribiurn and yttrium), and 
a wavelength conversion into the ultraviolet rays is car- 
ried out by use of a non-linear opti&ai crystiai. For exam- 
ple, if an oscillation wavelength of the single wavelength 
laser is set within a i"ange of 1 .51 - 1 .59 j-tm, there are 

55 outputted 8-fold harmonics of which an occurrence 
wavelength falls within a range of 189 ~ 199 nm, or 1- 
fold harmonics of which an occurrence wavelength falls 
within a range of 151 - 159 n.m. Especially when the 
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oscillation wavelength is set within a range of 1 .544 ~ 
1 .553,um, there are obtained the 8-fold harmonics within 
a range of 193 ~ 194 nm, i.e., the ultraviolet rays having 
substarstialiy the same wavelength of that of the .ArF 
excimer laser. When the oscillation wavelength is set 
within a range of 1 .57 ~ 1 .58fj,m, there are obtained the 
10-foid harfnonics wilhin a range of 157 - 158 nm, i.e., 
the uitraviolet rays having substantially the same wave- 
length of that of the F2 laser Further, when the oscilla- 
tion wavelength is set within a range of 1.03 - 1.12iim, 
there are outputted 7-foid harmonics of which an occur- 
rence wavelength falls within a range of 147 ~ 160 nm. 
Especially when the osciiiation wavelength is set within 
a range of 1 .099 ~ 1 .106 \xrr\, there are obtained the 7- 
fold harmonics of which an occurrence wavelength fails 
within a range of 157 ~ 158 nm, i.e., the ijitravioiet rays 
having substantially the same wavelength of that of the 
F2 laser. hJote that the single wavelength oscillation 
laser involves the use of an yttrium doped fiber laser. 
[0215] fVloreover, each of the embodiments dis- 
cussed above can be applied to both of a step-and- 
repeat type (batch exposure type) projection exposure 
apparatus in which after finishing an exposure of one 
shot area on the wafer VV to the radiation of the pattern 
image of the reticle R, a wafer stage VVS is (iriven b.y 
stepping to move a next shot area on the wafer to the 
exposure area of the projection optira! system PL, and 
the batch exposure is repeatedly executed, and a step- 
and-scan type projection exposure apparatus in which 
the reticle R and the wafer W are synchronously 
scanned in a way of setting a projection magnification p 
as a speed ratio wlih respect to the projection optical 
system PL when exposing each shot area on the wafer 
VV to the radiatiors. 

[0216] By the way, not only a reduction system but 

also an unit magnification system or an enlargement 
system (as used in the exposure apparatus for manu- 
facturing a liquid cry;;iai display) are usable as the pro- 
jection optical system. Further, the present invention is 
applicable to a proximity type exposure apparatus, 
[0217] Moreover, the preserjl irrveriiiorj can 
applied, in addition to the exposure apparatus used for 
manufcscturing the semiconductor device, an exposure 
apparatus, used for rnanufacturing a display including a 
liquid crystal display device, for transferring a device 
pattern onto a glass plate, an exposure apparatus, used 
for manufacturing a thin-film magnetic head, for irans- 
ffsrring a device pattern onto a cercsmic wafisr, and an 
exposure apparatus used for manufacturing an imaging 
device {CCD etc). Furthermore, the pr€;senl invention 
can be applied to an exposure apparatus for transferring 
a circuit pattern onto a glass substrate or a silicon wafer 
in order to manufecture the reticle or the mask. 
[0218] As discussed above, the present invention is 
not limited to the embodiments described above and 
may take a variety of constructions. 



Ciairns 

1. An illumination apparatus for illuminating a surface 
to be illuminated with radiation, comprising: 

5 

a radiation source for generating a beam of 
radiation having a predetermined wavelength, 
a wavefront division type optical integrator, 
including a plurality of unit optical systems, for 

10 wavefront-dividing the beam of radiation from 

said radiation source an forming a plurality of 
radiation source images from a plurality of 
wavefront-dlvided radiation beams; 
a condenser optical system for leading the 

15 beams of radiation from said wavefront division 

type optiral integrator to the surface to be illu- 
minated; and 

a plurality of auxiliary optical members for 
deflecting the beams of radiation through said 
20 unit optical systems, 

wherein at least one of said auxiliary optical 
members is disposed cosresponding to one of 
said unit optical systems. 

25 2. An illumination apparatus according to claim 1, 
wherein 

said plurality of auxiliary optical members are 
disposed in a one-io-one correspondence rela- 
30 tion with each of said all unit optical systems, 

3, An illumination apparatus according to claim 1, 
wherein 

35 said plurality of auxiliary optical members are 

dispo;;ed belween .-saici wavefront division type 
optical inlegralof and the surface to be illumi- 
nated. 

40 4. An illumination apparatus according to claim 1, 
wherein 

said auxiliary optical member deflects the 

beasn of radiation through said unit optical sys- 
4S tern in ai least two directions. 

5, An illumination apparatus according to claim 1 , 

wherein an auxiliary optical integrator for 
forming a substantial planar radiation source on the 
50 basis of the radiation from the plurality of radiation 
source images by said wavefront division type opti- 
cal integrator, is disposed between said wavefront 
division type optica! integrator and said condenser 
optical system, and 

55 

said condenser optical system guides the radi- 
ation from the substantial planar radiation 
source by said auxiliary optical integrator, to 
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the surface to be illiirninated. 

An iiiumlnatior, apparatus accordisig to any one of 
claims 1 to 5, 

wherein at least some of Ihe beams of radia- 5 
{ion deflected by said aiixiiiary optical members are 
guicied to an area that does not contain the optical 
axiS on a predeternnined surface. 

A projection exposure apparatus for iiiuminating a io 
mask by use of an illumination apparatus for sup- 
plying exposure radiation, and projecting a pattern 
on said mask onto a workpiece through a projection 
optica! system, comprising; 



said iiiumiriation apparatus as set forth in claim 
6, 

wherein the predetermined surface is conju- 
gate with a pupil surface of said projection opti- 
cal system or with a portion in the vicinity of the 20 
pupil surface. 



a radiation diffusion member is disposed closer 
to said radiation source than said auxiliary opti- 
cal integrator. 

1 1 . An illumination apparatus according to claim 8, fur- 
ther comprising: 

another optical integrator, so provided as to be 
exchangeable with at least said wavefront divi- 
sion ^y■pe optica! integrator, for forming a sub- 
siantiai planar radiation sou.i-ce on the basis of 
the beam of radiation from said radiation 
source. 



15 12. An illumination apparatus according to claim 



wnsrein 



said another optical integrator is so provided as 
to be exchangeable with said wavefront divi- 
sion type optical integrator and said radiation 
deflection member. 



8. An iiiumination apparatus for lllurnlnaiing a surface 
to be illuminated vvith radiation, comprising; 

a radiation source for generating a beam of 
radiation having a predetermined wavelength; 
a wavefront division type optical integrator for 
wavefront-dividing the beam of radiation from 
said radiation source an forming a plurality of 
radiation source images from a plurality of 
wavefront-divided radiation beams; 
a condenser optical system for leading the 
beams of radiation from said wavefront division 
type optical integrator to the surface to be illu- 
minated; and 

a radiaiion deflection member for deflecting She 
plurality of wavefront-divided beams of i"adia- 
tion in at least two or more directions different 
from each other. 

9, An illumination apparatus according to claim 8, 
wherein 
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13. An iiiumination apparatus according to claim 11, 
wherein 

said another optical integrator is so provided as 
to be exchangeable with only said wavefront 
division type optical integrator. 

14. An illumination apparatus according to claim 8, 
wherein 

said wavefront division type optica! integrator 
and said radiation deflection member are opti- 
cal members different from each other. 

15. An illumination apparatus according to claim 8, 
wherein 

said radiation deflection member includes at 
least one auxiliary optical mernber for cieflect- 
ing only one beam of radiation among the plu- 
rality of wavefront-divided beams of radiation. 



said wavefront division type optical integrator is 
formed integrally with said radiation deflection 
member. 



10. An iiiumination apparatus 
wherein 



according to claim 1, 



an auxiliary optical integrator for forming a sub- 
stantia! planar radiation source on the basis of 
the plurality of radiation sources formied by said 
wavefront division type optical integrator, is dis- 
posed between said wavefront division type 
optical inlegrcilor and the surface to be illumi- 
nated, and 



45 1S, An iiiumirsaiion apparatus according to claim 15, 
wherein 

said radiation defiection member includes said 
plurality of auxiliary optica! members, and said 
50 auxiliary optical member is formed integrally 

with said wavefront division type optica! inte- 
grator. 

17. An illumination apparatus according to claim 8, 
55 wherein 

said radiation deflection member includes a 
first auxiliary optical member for deflecting at 
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least one beam of radiation among the plurality 
of wavefront-divided beams of radiatiori In at 
least two directions, and a secorsd auxiliary 
optical member for deflecting another beam of 
radiation different from at least the above one 5 
beam of radiation among the plurality of beams 
of radiation in at least two directions. 

18. An illumination apparatus according to claim 17, 
wherein 10 

the two directions by said first auxiliary optical 
member are the same as the two directions by 
said auxiliary optical member. 

15 

1S. An illumination apparatus according to claim 17, 
wherein 

said first auxiliary optical member and said 

second auxiliary optical member are disposed 20 
apart from said wsveiront division type optica! 
integrator. 

20. An illuriiination apparatus according to claim 8, 
wherein 25 

said radiation deflection member includes a 
first au.xiliary optical member for deflecting only 
one beam of radiation among the plurality of 
wavefront-divided beams of radiation, and a 30 
second auxiliary optical member for deflecting 
only another beam of radiation different from 
the above one beam of radiation among the 
plurality of wavefront-divided beams of radia- 
tion. 35 

21. An illumination apparatus according to claim 8, 
wherein 

said radiation deflection member Includes a 40 
first auxiliary optical mem!:ier fcsr leading at 
least one beam of radiation among the plurality 
of wavefront-divided beams of radiation onto a 
first area on a predetermined surface, and a 
second auxiliary optical member for deflecting 45 
another beam of radiation different frorn at 
least the above one beam of radiation among 
the plurality of wavefront-divided beams of radi- 
ation onto a second area on the predetermined 
surface, and so 
areal sizes of the first and second areas are dif- 
ferent from each other. 

22. An iiiuminatlon apparatus according to claim 8, 
wherein 55 

sai(j wavefronf division type optica! integrator 
Includes a first unit optical system having a first 
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focal length, and a second unit optica! system 
having a second focal length different from the 
first focal length. 

23. An illumination apparatus according to claim 8, 
wherein 

the plurality of beams of radiation defiected by 
said radiation deflection rneniber include a first 
beam of radiation having a first inclination to an 
axis paraiiei to the optical axis of said illumina- 
tion apparatus, and a second beam of radiation 
having a second inclination different from the 
first inclination. 

24. An illumination apparatus according to claim 8, 
wherein 

an auxiliary optical integrator for formijig a sub- 
S;,=i.r;ti,3.! planar radiation soiirce on the basis of 
the beams of radiation from the plurality of radi- 
ation source images by said wavefront division 
type optical integrator, ;Si disposed between 
said wavefront division type optica! integrator 
and said condenser optical system, and 
said condenser optica! system guides the radi- 
ation from the substantial planar radiation 
source by said auxiliary optical integrator onto 
the surface to be iiiiiminated. 

25. An illumination apparatus according to claims, 1 , 8, 

9, 15, 16 or 24, wherein 

said radiation deflection rnerriber has a plurality 
of auxiliary optical member groups, said auxil- 
iary optical member group, when n is 3 natural 
number, has 4n-pieces of auxiliary optical 
members, an exit surface of each of said auxil- 
iary optical members is inclined to a fiducial 
surface perpendicular to the optical axis of said 
illurninalion apparatus, and 
when a straight line formed by projecting a nor- 
mal line of the exit suriace of said auxiliary opti- 
cal member on the fiducial surface is set as an 
azimuth straight line, an angle made by the azi- 
muth straigh! lines of said auxiliary optical 
members in said auxiliary optical member 
group, is 360/4n degrees. 

26. An iiiufiiination apparatiis according to claim 25, 
wherein 

each of said auxiliary optical member groups 
consists of four pieces of said auxiliary optica! 
members, and 

an angle made by the azimuth straight lines of 

said four auxiliary optica! members in said aux- 
iliary optical member group, Is 90 degrees. 
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27. An iiiuminatjor! apparatus according to claim 26, 
wherein 



28. An iiiumlnation apparatus according to claim 27, is 

wherein 



29. An illumination apparatus according to claim 28, 
wherein 

30 

the first and second areas are at least partially 
overlapped with each other on the predeter- 
mined surface. 

30. An illumination apparatus according to claim 27, 3s 
wherein 



31. An iiiumination apparatus according to claim 27, 

whersjin 50 



optical member having a first apex angle and a 
second auxiliary optical member having a sec- 
ond apex a.ngle different from the first apex 
angle. 

32. An illumination apparatus according to any one of 
claims 8, 9 and 1 1 through 21 , wherein 

at least one beam of radiation among the plu- 
rality of beams of radiation deflected by said 
radiation deflection men-sber, is guided onfo an 
area that does not contain the optica! axis on 
the predetermined surface. 

33. A projection exposure apparatus for iiiuminating a 
mask with the radiation by use of an iiiumination 
apparatus far supplying exposure radiation, and 
projecting a pattern on said rnask on a workpiece 
through a projection optical system, comprising: 

said illumination apparatus as set forth in ciaisri 
32, wherein 

a predetermined surface Is conjiigate with a 
pupil surface of said p.'-ojection optical system 
or a portion in the vicinity of the pupil surface. 

34. A projection exposure apparatus according to claim 
33, wherein 

a radiation intensity distribution on the prede- 
termined surface is a distribution in which a 
radiation intensity in an area that does not con- 
tain the optical axis is larger than in an area 
ajntairiing the optica! axis. 

35. A projection exposure apparatus according to claim 
4, wherein 

the radiation intensity distribution on the prede- 
termined surfece contains any one of an annu- 
lar shape, a bipolar shape, and a quadrupolar 
shape. 

36. An illumination apparatiis according to any one of 
claims 8, 9 and 1 1 ihroiigh 21 , wherein 

an auxiliary optical iniegraior for forming a sub- 
stantial planar radiation source on the basis of 
the beams of radiation from the plurality of radi- 
ation source images by said wavefronl division 
type optical integrator, is disposed between 
said wavefront division type optical integrator 
and said condenser optical system, and 
said condenser optical system guides the radi- 
ation from the substantia: planar radiation 
source by said auxiliary optical integrator onto 
the surface to be illuminated. 



when an angle made by the fiducial surface 
and the exit surfece of said auxiliary optical 

member within a plane containing the azimi.iih 
straight line and the straight line parallel to the 55 
optical axis, Is set as an apex angle of said aux- 
iliary optical rnember, said a plurality of auxil- 
iary optica! members Include a first auxiliary 



said plurality of auxiliary optical member 
groups include a first auxiliary optical member 5 
group and a second auxiliary optical member 
group; and 

an angle made by a set of the azimuth straight 
lines of said four auxiliary optical members in 
said first auxiliary optical member group and by io 
a set of the azimuth straight lines of said four 
auxiliary optical members in said second auxil- 
iary optical member group, is 45 degrees. 



the beam of radiation through said first auxil- 
iary optica! member group is guided onto the 
first area on the predetermined surface; 20 
and the beam of radiation through said second 
auxiliary optical member group is guided onto 
the second area on the predetermined surface; 
and 

area! sixes of the first and second areas are dif- 25 
ferent from each other. 



said wavefront division type optical integrator 
has a plurality of unit optical systems provided 
corresponding respectively to said auxiliary 40 

optica! members; and 

a focal iength of each of said unit optical sys- 
tems corresponding to said first auxiliary opti- 
cal member group Is different from a tbcal 
iength of each of said unit optical systems cor- 45 
responding to said second auxiliary optical 
member group. 
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37. An iiiumination apparatus according to claim 36, 
further comprising: 

a relay optical system for leading the beam of 
rsdiatiori from said wavefront division type opti- 5 
cai integrator to said auxiliary optical integrator; 

and 

an aperture stop having at least two or more 
apertures, 

wherein each of the beams of radiation io 
deflected in at least two or more directions dif- 
ferent from each other by said radiation deflec- 
tion member, pass through at least two or more 
apertures. 

15 

38. An iiiumination apparatus accordirig to claim 36, 
further comprising; 

an aperture stop disposed between said auxil- 
iary optical integrator and the surface to be illu- 20 
minated and having at least two or more 
apertures, 

wherein said auxiliary optical integrator is a 
wavefront division type optical integrator iiav- 
ing a plurality of unit optical systems, 25 
the beams of radiation deflected in at least the 
two or more directions different from each other 
by said radiation deflection rnember, are over- 
lapped with each other on at least two areas on 
an exit surface of said auxiliary optical Integra- 30 
tor, and 

incident surfaces of at least two unit optical 
systems corresponding respectively to ivvo or 
more apertur€ss among the plurality of unit opti- 
cal systems in said auxiliary optical integrator, 3s 
are embraced respectively by at least two 
areas. 

39. An illumination apparatus according to claim 36, 
wherein 40 

said auxiliary optical integrator is an interna! 
surface reflection type optica! integrator; and 

the respective beams of radiatio!"! deflected in 
at least the two or more directions different 45 
from each other by said radiation deflection 
member, are incident on said internal surface 
reflection type optical integrator in at least two 
or more directions different from each other. 

50 

40. An illumination apparatus according to any one of 
claims 8, 14, 17 through 19, and 24, wherein 

said radiation deflection member takes a con- 
figuration containing at least partially a cone 55 
shape. 

41. An illumination apparatus according to claim 40, 



56 
wherein 

the cone shape :s at least a pari of a conical 
shape. 

42. An illumination apparatus according to claim 41, 
wherein 

an inclined surface of the conical shape is a 
surface obtained by rotating a straight line 
aixiijta predetermined axis. 

43. An illumination apparatus according to claim 41, 
wherein 

the inclined surface of the conical shape i.s a 
surface obtained by rotating a curved line 
about a predetermined axis. 

44. An illumination apparatus according to claim 41, 
wherein 

said radiation dellection member Includes a 
first auxiliary optical member containing at 
least partially a conical shape, and a second 
auxiliary optical member containing at least 
partially a conical shape; and 
an angle, corresponding to an apex angle of 
the cone, of said first auxiliary optical member 
and an angle, corresponding to an apex angle 
of the cone, of said second auxiliary optical 
member, are different from each other. 

45. An illumination apparatus according to claim 40, 
wherein 

the portion oi the cone is at ieast a part of a 
polygonal cone. 

46. An illumination apparatus according to claim 45, 
wherein 

an inclined surface of the polygonal cone is a 
fiat surface. 

47. An illumination apparatus according to claim 46, 
wherein 

an inclined surface of the polygonal cone is a 
curved surface. 

48. An illumination apparatus according to claim 45, 
wherein 

said radiation deiiection rne.mber Inckides a 
first auxiliary optical member containing at 

least partially a polygonal cone .shape, and a 
second auxiliary optical member containing at 
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least partially a polygorsal cone shape; and 
an angle rnade by the inclined surface and a 
normal line of a tiotiom surface of the polygonal 
cone of said first auxiliary optical member and 
an angle made by the inclined surface and a 5 
normal line of a bottom surface of the polygonal 
cone of said second auxiliary optical member, 
are ditfereni from each other. 

49. An iiiumlnation apparatus according to claim 45, io 

wherein 



50. A projection exposure apparatus for illuminating a 

mask wijh the radiation by ijse of an iiii.i!ri(nalion 
apparatus for supplying exposure radiation, and 
projectincj a pattern on said mask on a workpiece 25 
through a projection optical system, comprising: 



51. A projection exposure apparatus according to claim 
50, further comprising another optical integrator, so 
provided as to be exchangeable with at least said 3s 
wavefront division type optics! integrator, for form- 
ing a substantial planar radiation source on the 
basis of the beams of radiation from said radiation 
source. 

40 

52. A projection exposure apparatus according to claim 
61 , further comprising: 

an input unit for inputting data about a type of 
said mask, 45 
wherein said waveffonl division type optica! 
integrator is replaced Vi/ith said another optical 
integrator on the basis of the data given from 
said Input unit. 

50 

53. A projection exposure apparatus according to claim 
52, wherein 

said input unit is a console. 

55 

54. A projection exposure apparatus according to claim 
52, wherein 



said input unit reads a mark formed on said 
mask. 

55. An exposure method of illuminating a mask with 
exposure radiation in an ultraviolet region and pro- 
jecting a pattern on said mask on a workpiece 
through a projection optical system, comprising; 

a step of using said projection exposure appa- 
ratus as forth in claim S1 . 

56. An exposure method according to claim 55, further 
comprising: 

a step of inputting data about a type of said 
mask; and 

a step of exchanging a wavefront division type 
optical integrator with another optical integrator 
on the basis of the data inputted. 

57. An exposure method comprising: 

a step of illuminating a mask with exposure 
radiation in an ultraviolet region; and 
a step of projecting a device pattern on said 
mask on a workpiece through a projection opti- 
cal system, wherein 

said step of projecting the device pattern on 
said workpiece is executed by use of said pro- 
jection exposure apparatus as set forth in claim 
51. 

58. An exposure meihod of iiiuminaiing a mask with 
exposure radiation in an ultraviolet region and pro- 
jecting a pattern on said mask on a workpiece 
through a projection optical system, comprising: 

a step of using said projection exposure appa- 
ratus as set forth in claim 50. 

59. An exposure method comprising: 

a step of illuminating a mask with exposure 

radiation in an ultraviolet region; and 
a st9p of projecting s device pattern on said 
mask on a workpiece through a projection opti- 
cal system, wherein 

said step of projecting the device pattern on 

said workpiece is executed by use of said pro- 
jection exposure apparatus as set forth in claim 
50. 

60. An illumination apparatus for illuminating a surface 
to be illuminated with the radiation, comprising: 

a radiation source for generating a beam of 
radiation having a predeterinined wavelength, 
a radiation deflection member for wavefront- 



the polygonal cone shape includes a first 
inclined surface in which the angle made by the 
normal line of the bottom surface of the polygo- 15 
na! cone shape is a first angle; and 
a second inclined surface in which the angle 
made by the normal iirse of the bottom surface 
of the polygonal cone shape is a second angle 
different from the first angle. 20 



said iii'jrninaiion apparatus according to any 
one of claims 1 to 5 and 8 to 24, 
wherein said radiation source supplies the 30 
exposure radiation. 
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dividing ihe beam of radiation emitted from said 
radiation source into at least six beams of radi- 
ation, arid deflecting at ieast liie six t)eams of 
radiation subjected to tiie wavefront division in 
directions different from each oilier; 5 
an optica! integrator for forming a planar radia- 
tion source in a precieierrnined configuralion on 
the basiS of the beams of radiation via said 
radiation deflection member; and 
a condenser optical system for leading the 10 
beams of radiation from said wavefront-divlsion 
type optical integrator onto the surface to be 
illuminated, y/herein 

at least some of at least the six beams of radi- 
ation deflected by said radiation deflection is 
member are guided onto an area that does not 
contain the optical axis on a predetermined 
surface. 

61. A projection exposure apparatus for iiiuminating a 20 
masi< with the radiation by use of an iilLirnination 
apparatus for supplying exposure radiation and pro- 
jecting a pattern on said mask on a workpiece 
through a projection optical system, comprising: 

25 

said i!!umination apparatus as set forth in claim 
60, wherein 

a predetermined surface is conjugate with a 
pupil surface of said projection optical system 
or a portion in the vicinity of the pupil surface. 30 

62. An iiiurrsination apparatus acrarding to any one of 
claims 1 through 24, wherein 

a radiation intensity distribution on a surface 3s 
having a relation of FoLirier transform with the 
surface to be iiiuminated or or; a surface in the 
vicinity of the former surface, is substantially an 
unur^iform distribution. 

40 

63. A projection exposure apparatus for ilkirniriatirig a 
mask with the radiation by use of an illumination 
apparatus for supplying exposure radiation and pro- 
jecting a pattern on said mask on a workpieGe 
through a projection optical system, compnsing: 45 

said illumination apparatus as set forth in claim 
62, wherein 

a surface having a relation of Founer transform 
is substantiaily ainjugale with a pupil surface so 
of said projection optical system. 

64. An illumination apparatus according to any one of 
claims 1 through 5, wherein said plurality of auxil- 
iary optical members are disposed between said ss 
unit optical systems and the surface to be illumi- 
nated. 
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FIG. 4B 
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FIG. 5 
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FIG. I3C 
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